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MAXIMUM OXYGEN UPTAKE PREDICTED FROM SUBMAXIMAL TESTS
(126 pp.)
Director of Thesis: Lawrence A. Golding, Ph.D.
Two widely used tests for predicting max V02 are the 
Astrand-Ryhming Nomogram (ARN) emd the National YMCA bicycle 
ergometer test. While both tests predict max V02 from heart 
rate and workload, the ARN also uses submaximal oxygen 
uptake as a parameter.
The purpose of this study was to determine which of the 
3 types of exercises used with the Astrand-Ryhming nomogram 
predicted max V02 most accurately; (a) the bicycle using V02 
and HR, (b) the bicycle using workload and HR, or (c) the 
treadmill using V02 and HR. Secondly, which equation modi­
fication developed in the study determined the best max V02 
prediction. The third purpose was to determine the best 
submaximal type of exercise to predict max V02 and the 
equation most suited for that activity. Fourthly, maximum 
V02 values obtained on the treadmill were compared with 
those obtained on the bicycle, and lastly, the Y's Way To 
Physical Fitness Bicycle Ergometer Test was validated as a 
method of predicting max V02.
Thirty subject's between the ages of 18 and 35 perfor­
med maximally on a treadmill and bicycle ergometer. Oxygen 
uptake and heart rate were measured at both maximal emd
iii
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submeucimal workloads using open circuit spirometry and elec­
trocardiography , respectively.
Â correlated T-test was used to validate the YMCA 
bicycle test and to determine differences between max V02 
obtained on the treadmill amd the bicycle ergometer. To 
determine the best type of exercise, the best prediction 
equation and the best activity and equation combination, a 3 
X 4 analysis of variemce with repeated measures was used. A 
Tukey HSD post hoc contrast was used to determine signifi­
cant differences.
The results of this study showed that heart rate and 
submaximal V02 gave a better prediction than heart rate and 
workload using the bicycle with the ARN; the ARN zmd an 
equation developed, EQ/PRED, are both good predictions of 
max V02; the treadmill was the best type of activity for 
predicting max V02 combined with EQ/PRED; meuc V02 obtained 
on the treadmill was significantly higher than that obtained 
on the bicycle; and the YMCA bicycle ergometer test was 
found to be a good submaximal test for predicting max V02.
iv
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Chapter 1 
INTRODUCTION
Heart and circulatory disease is responsible for more 
than half of all deaths in the United States according to 
the American Heart Association (Katch, McArdle 1988) . Al­
though a cause-and-effeet relationship between exercise and 
cardiovascular disease has not been proven, there is a 
strong relationship between regular exercise and the inci­
dence of coronary heart disease. Because of this relation­
ship, health professionals now support the lack of regular 
exercise as a coronary risk factor.
With the increase in interest and the number of exer­
cise programs now being administered, a need has arisen for 
a method of assessing various fitness levels. Currently, 
the most valid test of cardiorespiratory fitness is maximum 
aerobic capacity (max V02). This test, performed either on 
a bicycle or a treadmill, requires the individual to exer­
cise to maximal physical exertion while oxygen consumption 
is measured. However, maximal exertion in adults may pro­
pose a health risk outside of medical supervision. In 
addition, the max V02 test is time consuming and requires 
considerable equipment and trained personnel.
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Because of these limitations, submaximal tests have 
been developed in an attempt to predict max V02. These 
tests, also performed on a bicycle or treadmill, are rela­
tively safe for the subject, are easy to administer and are 
less time consuming.
The prediction of max V02 is usually based on the 
linear relationship of heart rate and V02 to work and there­
fore a subsequent relationship of heart rate to V02.
In 1954, Astrand and Ryhming developed a nomogram (Ap­
pendix B) for predicting max V02 from submaximal heart rate, 
V02 and workload on either the bicycle, treadmill or step 
test (Astrand-Ryhming 19 54) . The Astrand-Rhyming nomogram 
is a commonly used method for predicting max V02.
Need for the Study 
The Astrand-Ryhming nomogram was constructed from maxi­
mal and submaximal values obtained from tests on 50 healthy, 
young, trained individuals. Astrand (1960) proposed an age 
factor to expand the use of the nomogram to older popula­
tions. The Astrand-Ryhming nomogram is a widely recognized 
method of prediction. However, it is of empirical origin 
and it's validity remains questionable.
Purpose of the Study 
There were 5 major purposes of this study.
1. To determine which of the 3 types of exercises used 
in the Astrand-Ryhming nomogram best predicts max
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
V 0 2 : (a) the bicycle using V02 and HR, (b) the
bicycle using workload and HR, or (c) the treadmill 
using V02 and HR.
2. To determine which of the possible 4 equation modi­
fications provides the best max V02 prediction (see 
chapter 3).
3. To determine the best submaximal type of exercise to 
predict max V02 and the equation best suited for 
that activity.
4. To compare maximum V02 values obtained on the tread­
mill with those obtained on the bicycle.
5. To validate the Y's Way To Physical Fitness Bicycle 
Ergometer Test as a method of predicting max V02.
A glossary of terms unique to this study is provided in 
Appendix A.
Limitations
In all studies, certain assumptions must be made about 
the subjects and the procedures used. In addition, there 
are often unavoidable limitations that may restrict making 
inferences from the data obtained. The following are popu­
lation limitations:
1. subjects were between the ages of 18 and 35 which
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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limits inferences about older or younger groups;
2. the data was based on 30 subjects which limits 
making inferences about a larger population;
3. subjects were volunteers, possibly introducing a 
sample bias;
4. all subjects resided in Las Vegas, Nevada.
An additional limitation was the criteria for reaching 
max V02. All maximum values were based on voluntary maximal 
exertion which may not reflect true maximum values. There 
are numerous factors that can influence a subject's decision 
to willfully stop a maximal test. These factors may be of a 
physiological, biochemical, environmental, or psychological 
nature (Nagle 1973, Noble 1973B).
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Chapter 2 
REVIEW OF RELATED LITERATURE
The ability to perform long, continuous physical work 
is related to the efficiency of the cardiorespiratory system 
(Taylor 1955, Astrand 1952, Dill 1933). One important part 
of this efficiency is the ability to deliver oxygen to the 
working muscles as measured by oxygen uptake (V02).
Early observations of the physiological and structural 
differences in active and sedentary animals paved the way 
for further research. The wild hare, which lived a very 
active life was found to have more blood volume, more hemo­
globin, a lower heart rate, and a lower respiration rate 
than the sedentary rabbit. In human studies, researchers 
observed similar differences between sedentary workers and 
athletes (Schneider 1920).
Earlv Investigations
The assessment of physical working capacity can be 
traced to the work of Mosso in 1884 who "disclosed that the 
ability of a muscle to perform depended upon the efficiency 
of the circulatory system..." (Myers 1982). At the turn of 
the century, many of the investigations studied the rela­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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tionship of cardiorespiratory changes to exercise and physi­
cal fitness (Crampton 1905, Vierordt 1906-reported by 
Schneider 1920, Meylan 1913). In 1905, Cramptom observed 
that the physical fitness of a person could be determined 
from orthostatic changes in heart rate and blood pressure. 
Bowen in 1903, was the first physical educator to publish 
the results of a test which used the relationship of pulse 
rate and exercise (Myers 1962). This marked the beginning 
of other physical fitness tests which also used heart rate 
and blood pressure as their basis (Foster 1914, Barach 1914, 
Barringer 1916, Schneider 1920).
McCurdy (1910) showed that a low resting heart rate was 
a fair indicator of good fitness, and a high resting heart 
rate was associated with poor physical condition. Cook and 
Pembry (1913, reported by Schneider 1920) also observed that 
physically trained men had low resting heart rates. Dawson 
(1919, reported by Schneider 1920) found that physical 
training lowered the resting heart rate.
In the early 1920's it was noted that the physical 
condition of an individual could be determined by their 
maximum oxygen consumption (max V02) (Hill & Lupton 1923). 
Although a wide range of values was observed, the ability to 
perform prolonged muscular work was reflected by a high max 
V02 (Hill et al. 1924, Astrand 1956). Max V02 was attained 
by increasing the speed and/or grade of a treadmill until an 
increase in work did not produce an increase in V02 (Hill &
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Lupton 1923). Further investigations showed that higher max 
V02 measurements were obtained when the activity used for 
the test involved large muscle groups (Hill et al. 1924). 
Hill et al. (1924) suggested that an increase in endurance 
was related to an increase in max V02. It was hypothesized 
that the supply of oxygen to the working muscles was the 
limiting factor for prolonged work (Dill 1933) .
Increased awareness of exercise testing as a means of 
stressing the cardiorespiratoy system stimulated further 
research in the medical field (Briggs 1920, Schneider 1931, 
Nylin 1931 reported by Wahlund 1948). Researchers studied 
the relationship between V02 and workload and related it to 
the presence of cardiovascular and respiratory diseases 
(Herbst 1928, Knipping 1937 reported by Wahlund 1948).
A pioneer test, developed to detect coronary insuffi­
ciency, was the Master's Step Test (Master's & Oppenheimer 
1923). The subject stepped up and down 2 steps immediately 
followed by the administration of a supine electrocardio­
gram. Although more precise and safer tests were later 
developed, this test paved the way for these more sophisti­
cated tests. However, since the medical aspects of exercise 
testing was not the purpose of this study, this literature 
was not surveyed.
Field Tests
Open circuit spirometry assessment of V02 is unsuitable
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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for field testing (ie) fire department, police, students, or 
military personnel. Therefore, more appropriate field tests 
were developed (Karpovich & Pestrocov 1939, Cureton 1947, 
Cooper 1968, Katch 1981). These tests provided fairly accu­
rate estimates of V02 but required minimal equipment and 
personnel. Among the many early performance field tests 
were a timed swim (Karpovich & Pestrecov 1939), a 15 minute 
run (Balke 1954 reported by Shephard 1984), and a one mile 
timed run (Cureton 1947).
Step tests were developed as a cardiorespiratory test 
and were often related to V02. Many tests were designed to 
increase the intensity of the exercise to stress the heart 
(Hettinger et al. 1961, Maritz et al. 1961, Kasch 1965). 
Most step tests used recovery heart rate to determine effi­
ciency or fitness level including the YMCA Test (Golding, 
Myers, Sinning 1982), the Harvard Step Test (Brouha 1943), 
Cureton's Progressive Pulse Ratio Test (Waxman 1959, repor­
ted by DeVries and Klafs 1965), the Kasch Step Test (Kasch 
et al 1965). Others used immediate post-exercise heart rate 
as an indicator of exercise heart rate such as the Canadian 
Home Fitness Test (Jette 1976). Step tests were also used 
to predict max V02 (Astrand-Ryhming 1954, Maritz 1961, Mar- 
garia 1965, DeVries and Klafs 1965).
Although step tests are still widely used, bicycle
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ergometer and treadmill tests are more commonly used to 
determine max V02, provided they are available.
Bicvcle Ergometer Tests 
Early laboratory work in measuring maximal oxygen up­
take was performed by European investigators using the bicy­
cle ergometer. Since cycling was a popular mode of trans­
portation by Europeans it was an obvious choice.
The bicycle ergometer was the preferred type of activi­
ty for exercise testing (Wahlund 1948, Borg & Dahlstrom 
1962, Von Dobeln 1954) and had advantages over other lab 
methods (Naughton & Haider 1973, Wahlund 1948). Ergometers 
such as Krogh, Fleisch, and Dobeln (von Dobeln 1954) are 
calibrated in work units such as kpms, kgms or watts making 
them easily reproducible. Workloads could be gradually in­
creased and because there was minimal upper body movement 
during the exercise, measurements such as blood pressure and 
heart rate were easily obtained. Cycling is also a non­
weight bearing activity and can be performed by special 
populations (e.g. overweight).
Sjostrand (1947) published the first submaximal bicycle 
test for predicting max V02 which was quickly followed by 
many more bicycle protocols (Astrand 1954, Nagle 1971, Bink- 
horst & Van Leeuwen 1963, Fox 1973). Many protocols were 
based on Sjostrand's method (Wahlund 1948, Astrand 1952, 
Golding, Myers & Sinning 1982).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Treadmill Tests
Contrary to the work of Astrand (1952), many studies 
showed that work on the treadmill resulted in a larger max 
VO2 than that obtained on the bicycle ergometer (Davies
1968, Faulkner 1971, Glassford 1965, Hermansen & Saltin
1969, Wyndham et al 1966, Katch 1973, McKay & Banister 1976, 
McArdle 1970, Miyamura & Honda 1972, Astrand & Saltin 1961). 
Initially, Astrand (1952) reported no significant difference 
between the max V02 obtained on a bicycle and that obtained 
on a treadmill. This was partly explained by the fact that 
these earlier studies, used a population accustomed to bicy­
cling. Research has shown that specificity of training can 
influence max V02 (Stromme 1977, Roberts & Alspaugh 1972).
Although the bicycle ergometer may be best suited for 
European populations, in the U.S. the treadmill is prefer­
red, simulating the more common activities of walking or 
running (Naughton 1973, Glassford 1965). The treadmill pro­
vides some flexibility over the bicycle in that both speed 
and grade can be adjusted, independently or simultaneously, 
providing several variations in workload (Naughton 1973). 
The disadvantages are that it is nonportable, expensive, 
weight-bearing and less convenient for taking measurements.
A wide variety of treadmill protocols are used and 
modified for exercise testing. Modifications reflect the 
purpose of the test for the population it's used on (Taylor
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1944, Taylor 1955, Balke & Ware 1959, Mitchell 1958, McKay & 
Banister 1976, Town & Golding 1977, Kasch 1965, Bruce 1971.
Maximal Qxvaen Uptake Testing
Maximal oxygen uptake, a measure of cardiorespiratory 
performance, measures the greatest ability to take up and 
transport oxygen to the working muscle (Taylor et al. 1955, 
Astrand 1952, Astrand 1956, Dill 1933). Although max V02 is 
considered the best measurement of cardiorespiratoy perfor­
mance, the criterion for achieving max V02 are often dif­
ficult to define.
Early investigations described max V02 as an increase 
in workload that did not induce a further rise in V02. This 
leveling off of V02 has been reported by many authors (As­
trand 1952, Taylor et al. 1955 and Mitchell et al 1958). 
Taylor (1955) proposed that a 2.5% increase in grade not 
inducing a V02 greater than 150 ml/min was a good criteria 
for max V02. Other researchers have proposed such criteria 
as a respiratory quotient of > 1.0 (Issekutz 1962), the 
cessation in the rise in C02 (Linde 1963) or a post exercise 
lactate concentration of > lOOmg/lOOml (Astrand 1952). Sub­
ject’s perceived maximal exertion was also used as a cri­
teria of max V02 during testing since such responses usually 
result from physiological sensations of maximum work (Noble 
1973B).
There are many factors that influence maximal V02 val­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ues. Some of these include the amount of muscle mass used 
(Wyndham 1967), age (Astrand 1959), gender (Astrand 1960), 
body weight (Taylor 1963), specificity of training (Roberts 
and Alspaugh 1972), use of arms and legs (Bergh 1976) , 
effect of previous training (Ekblom et al 1968), and body 
positions (Diaz et al. 1978).
Oxygen uptake may be measured from "maximal" tests that 
measure V02 at maximum physical exertion or "submaximal" 
tests that predict max V02 from submaximal measurements (and 
will be discussed later). Although some tests evaluate V02 
from post-exercise measurements (Golding et al. 1982, Jette 
1976, Brouha 1943), most use measurements taken during exer­
cise as an evaluation. Some tests use only a single testing 
session (Astrand-Ryhming 1954, Astrand/Saltin 1961, Bink- 
horst & Leeuwen 1962) while others require sessions spread 
over several days (Astrand 1952, Taylor 1955).
Within a single testing session, there are single stage 
tests (Astrand-Ryhming 1954, Von Dobeln 1967) and multi­
stage tests, requiring two or more stages (Golding et al. 
1982, Sjostrand 1947, Bruce 1963, Maritz 1961, Margaria 
1965). Multi stage tests are further subdivided into either 
continuous or discontinuous tests. In continuous tests, 
workloads are gradually increased without rest periods 
(Bruce 1963, Balke & Ware 1959, Michael 1965) whereas, in 
discontinuous tests progressive workloads are separated by 
rest periods (Wyndham 1966, Binkhorst and Leeuwen 1963,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Astrand 1952, Mitchell 1958, Taylor 1955). Rest periods for 
the subjects range from 5 or 10 minutes (Astrand 1952, 
Mitchell 1958) to 24 hour periods (Taylor 1955).
Submaximal Exercise Testing
Measuring max V02 is the most desirable way to deter­
mine cardiorespiratory fitness (Mitchell 1958, Taylor 1955). 
However, this method is often impractical because it is 
technically more difficult to measure, requires trained 
personnel, is time consuming and may pose a health risk 
particularly for older or symptomatic adults. For these 
reasons, submaximal tests have been developed to predict max 
V02 (Astrand-Ryhming 1954, Maritz et al. 1961, Wyndham 1966, 
Margaria 1965). Because there are so many different sub- 
maximal tests, Wyndham made the statement "there are almost 
as many submaximal tests of maximum oxygen intake as there 
are exercise physiologists" (Wyndham 1967).
Similar to maximal tests, submaximal tests are usually 
performed on the bicycle (Sjostrand 1947, Astrand-Ryhming 
1954, Golding et al. 1982, Wahlund 1948), the treadmill 
(Taylor 1955, Mitchell 1958, Golding & Town 1977) or step 
bench (Astrand-Ryhming 1954, Maritz 1961, Issekutz 1962, 
Kasch 1965). Prediction of max V02 from these tests are 
presented in a nomogram (Astrand-Ryhming 1954, Margaria 
1965, Workman and Armstrong 1964), through extrapolation by 
fitting a straight line from submaximal points to predicted
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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max (Sjostrand 1947, Maritz 1961, Golding et al. 1982), or 
by a mathematical formula based on a regression equation 
(Von Dobeln 1967, Van der Walt and Wyndham 1973).
The most commonly used parameter for predicting max V02 
is heart rate (Sjostrand 1947, Golding et al. 1982). How­
ever, other parameters have been used including respiratory 
quotient, indicating increased C02 levels (Issekutz 1962); 
levels of lactic acid and ph of the blood, indicating meta­
bolic waste end-products; and P02 and PC02 of the arterial 
blood (Wyndham 1967). However, these will not be discussed 
here.
Predictions have been found to be more accurate when 
more than one parameter is used. Mastropaolo (1970) con­
cluded that for middle aged men, a multiple regression 
equation using respiratory exchange ratio, workload, heart 
rate, ventilation, blood pressure and FE02 produced a signi­
ficantly better result than those using only heart rate. 
The use of multiple parameters was later confirmed by Hermi- 
ston and Faulkner (1971) who reported that V02 predictions 
were more accurate when a number of independent measures 
were used.
Similar to maximal tests, submaximal tests may also be 
continuous, discontinuous, single stage or multi stage.
Heart rate. V02 and Workload
It is well documented that there is a linear relation­
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ship between heart rate and workload (Sjostrand 1947, Taylor 
1944, Wahlund 1948, Astrand 1952, Taylor 1955, Mitchell 
1958, Wyndham 1967). At any given workload, the heart rate 
will level off and reach a steady state usually within 3-5 
minutes (Hill & Lupton 1923, Guber et al. 1972, Golding et 
al. 1982). As workload increases, heart rate will continue 
to increase until maximum is reached (Sjostrand 1947, Wah­
lund 1948).
Similarly, there is a linear relationship between work­
load and V02 (Taylor 1955, Astrand 1952, Astrand 1967, 
Astrand-Ryhming 1954, Wyndham 1959, Rowell 1964, Davies 
1968). When the increase in workload produces no increase 
or even a decrease in V02, max V02 is assumed (Taylor 1955, 
Astrand 1952, Wyndham 1959).
Since workload is linearly correlated with heart rate 
and V02, heart rate and V02 are similarly related (Astrand 
1952, Astrand-Ryhming 1954, Taylor 1955, Wyndham 1959, As­
trand 1960, Rowell 1964, Davies 1968, Asmussen & Hemmingsen 
1958, Golding et al. 1982). These relationships formed the 
basis for predicting max V02 from submaximal tests (Sjo­
strand 1947, Wahlund 1948, Astrand-Ryhming 1954, Maritz 
1961, Margaria 1965, Golding et al. 1982).
PWC 170 Test
The bicycle test introduced by Sjostrand (1947) was 
used to predict the physical working capacity corresponding
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to a predetermined arbitrary endpoint (PWC 170). Using iron 
ore workers, subjects pedalled at 50 rpms beginning with a 
workload of 300 or 600 kgms. Workloads were increased by 
increments of 300 kgms every six and a half minutes. These 
two workloads were then extrapolated to a predetermined 
heart rate of 150-170 bpm and the corresponding workload was 
observed.
YMCA Bicycle Eraometer Test
Max V02 was predicted from the YMCA bicycle ergometer 
test (Golding et al. 1982) by extrapolating submaximal heart 
rates to the subject's predicted maximum heart rate (PWC 
max), rather than the 170 used by Sjostrand (1947). Maximum 
heart rates were determined by subtracting the subject's age 
from 220 (Karvonen 1957). Subjects pedalled at a workload 
of 150 kgm and a pedalling rate of 50 bpm. Workloads were 
increased, depending on the heart rate response, according 
to the guidelines designed for the test (Appendix B). Pre­
dicted maximum working capacity was extrapolated from two 
heart rates between 110 and 150. A line was extended 
through both heart rates, intersecting predicted maximum 
heart rate. The workload corresponding to that point of 
intersection represented the predicted maximum working capa­
city. From this measurement, max V02 was also predicted.
Since this paper is, in part, validating the Astrand-
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Ryhming nomogram (1954), considerable discussion will be 
presented on this method of prediction.
Astrand-Rhvming Nomoaram 
Astrand and Ryhming have gained much popularity for 
their contribution to prediction of max V02 (Metz 1971, 
Terry 1977). The purpose of their investigation was to 
provide information about a subject's maximum aerobic capa­
city using one submaximal workload performed on a bicycle, 
treadmill or step test. The results are summarized in a 
nomogram (Appendix B; Astrand & Ryhming 1954).
History & Construction of the ARN
The Astrand-Ryhming nomogram (ARN) was based empirical­
ly on bicycle and treadmill investigations done by Astrand 
(1952) and Wahlund (1948) and a step test done by Ryhming 
(1953, reported by Astrand & Ryhming 1954). For the bicycle 
and treadmill, max V02 predictions were made from the nomo­
gram using the relationship between heart rate and oxygen 
uptake. On the bicycle, predictions could also be made from 
heart rate and workload. As previously mentioned, the step 
test will not be discussed.
The studies used in constructing the nomogram (Astrand 
1952), consisted of 16 female and 17 male subjects between 
20 and 30 years of age. It was found that at 50% of max V02 
the average heart rate for the males was 128 bpm, with a V02 
of 2.1 1/m. For the females, the average heart rate was 138
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
bpm with a VO2 of 1.5 1/m. With a higher workload (70% 
max), the heart rates were 154 bpm and 164 bpm for males and 
females respectively. These figures can be reproduced using 
the nomogram (Appendix B). For example, using the original 
data, a female with a heart rate of 138 and a V02 of 1.5 1/m 
should give a max V02 of 3.0 1/m. Since the subject was 
found to have a V02 of 1.5 1/m at 50% of max, theoretically 
at 100% the max V02 should be 3.0 1/m (1.5 1/m X 2). Maxi­
mum heart rate values were obtained from 86 males and fe­
males (Astrand 1952) and determined to be 198 for women and 
194 for men.
From the same investigation, it was also found that at 
50% of max V02 (Astrand 1952), the workload achieved on the 
bicycle was 600 kgm for women and 900 for men. This was the 
basis for predicting max V02 using workload and heart rate 
as the predictors.
Assumptions of the ARN
The nomogram is based on the assumption that heart 
rate, V02 and workload are linear and therefore max heart 
rate and max V02 occur at about the same time (Astrand 
1952). The second assumption is that 60 bpm is the heart 
rate for men when no work is being done (Astrand 1960) . The 
third assumption is that maximum heart rates have a small 
standard deviation (Maritz 1961).
Further limitations when using the ARN are that the
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submaximal workload used should result in a heart rate 
between 125 bpm and 170 bpm (Astrand & Ryhming 1954). Since 
predictions become more accurate as they approach max, a 
workload eliciting a heart rate of 165 bpm has been observed 
as the ideal work rate to use (Astrand 1960, Glassford 1965, 
Wyndham 1967, Davies 1968, Terry 1977). However, Astrand 
(1960) observed that there was no significant difference 
between predictions made from the upper or lower ends of 
this range.
The ARN was limited to subjects between the ages of 18 
and 30 (+10%), who were able to reach a max heart rate of 
195 bpm (±10%). This limitation was nullified by the addi­
tion of an age factor to the nomogram (Astrand 1960).
Critique of the ARN
The assumptions involved with the ARN were subject to 
much criticism. Studies have shown that heart rate and 
workload are linear up to workloads of approximately 50-70% 
of max (Brooke 1968) At higher workloads, the relationship 
becomes non-linear. (Wyndham 1959, Davies 1968, Rowell 
1964). Evidence clearly suggested that max V02 is approach­
ed assymptotically (Taylor 1955) and that the V02/work curve 
approached the assymptote at a much slower rate than the 
heart rate/work curve (Wyndham 1959, Maritz 1961, Rowell 
1964, Davies 1968, Astrand 1952). Therefore, max V02 and 
max heart rate did not occur at the same work rate.
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Maritz (1961) criticized the use of the ARN stating 
that 60 bpm was not always the heart rate for males at zero 
workload. Astrand (1976) stated that there may be variation 
in error due to differences between actual max values and 
those used in the nomogram (195 bpm, 198 bpm). Astrand 
(1973) found that degree of training provided a further 
source of error. This was supported by Rowell (1964) and 
Davies (1968). Astrand concluded that because prediction of 
max V02 was associated with a large method of error, it was 
not possible to establish a single correction factor for all 
ages of males and females.
The ARN was also criticized for the use of only one 
workload for prediction. Some researchers suggested that 2 
or more workloads provided a better prediction (Davies 1968, 
Williams 1975, Margaria 1965, Maritz 1961), while others 
suggested that using two workloads to determine the slope 
line (like that of Sjostrand 1947) was not advantageous over 
ARN (Devries 1965). The use of four workloads has also been 
suggested as the best method (Wyndham 1967). Williams
(1975) further observed that these multiple workloads per­
formed on separate days provided greater accuracy than 
several trials on a single day.
Comparisons and Validations of ARN
Studies have been reported comparing ARN predictions to 
actual V02 max values (Astrand 1954, Astrand 1960, Jessup
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1975, Rowell 1964, Davies 1968, Kasch 1984) and correlation 
coefficients have been observed ranging from very low (r 
=.47, Hermiston & Faulkner 1971, and r =.58, Kasch 1984) to 
very high (r =.92, Teraslinna 1966, and r =.84, Coleman 
1976) . Some studies have reported ARN to be a good predic­
tion when compared with other studies (Glassford 1965, Borg 
& Dahlstrom 1962), while others indicated ARN as a poor 
prediction (Harrison et al 1980).
When predictions were compared with measured values, 
Astrand & Ryhming (1954) reported a 10% error. Other inves­
tigations reported errors as low as 9% (Glassford 1965) and 
as high as 18% (Rowell 1964). While many investigations 
found ARN to be a very good prediction (Rowell 1964, Teras­
linna 1966, Glassford 1965, Maritz 1961), some reported the 
prediction to overestimate V02 max when compared with mea­
sured values (Hettinger 1961, Astrand 1960). However, most 
of the findings reported that ARN underestimated true max 
values (Wyndham 1959, Rowell 1964, Davies 1968, Maritz 1961, 
Kasch 1984, Astrand & Ryhming 1954, DeVries & Klafs 1965, 
Glassford 1965, Jessup 1977).
Underestimation of measured max V02 was due to the 
assymptomatic approach of V02 and heart rate to max values 
discussed earlier (Wyndham 1959, Davies 1968, Rowell 1964). 
Underestimations were usually observed in the unfit indivi­
dual (Astrand 1967, Davies 1968, Wyndham 1967). A review of
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the studies on the ARN by Astrand (1973, 1976) showed that 
ARN usually underpredicted the unfit individual and overpre­
dicted the fit individual.
Degree of training (fit vs unfit) was one factor that 
provided error in prediction when using the ARN. Oja (1970) 
reported a more accurate prediction using fat free weight 
rather than total body weight (ml • kg*'* min j. Hermansen & 
Saltin (1969) and McKay & Banister (1976) suggested using a 
pedalling rate greater than 50 rpms for better accuracy. On 
the other hand, Taguchi (1971) found 50 rpms was the best 
pedalling speed. Jessup (1977) observed no significant 
difference in varying the pedalling rate.
The bicycle, treadmill and step test have been compared 
to determine which type of activity provides the best pre­
diction of max V02 using the ARN. Shepard (1966) compared 
the bicycle test, using workload and heart rate, to the step 
test and suggested the step test provided the best predic­
tion. This is also supported by Maritz (1961) and Harrison 
(1980).
Sidney (1977) reported that in using the ARN, the 
bicycle underpredicted measured max V02 in male subjects 
while the treadmill overpredicted. In female subjects, an 
overprediction was also observed using the treadmill. Con­
trary to Sidney, Hettinger (1961) reported an overprediction 
of measured max V02 on the bicycle.
Comparisons between prediction of max V02 using the
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bicycle and treadmill have also been made (Coleman 1977, 
Rowell 1964, Glassford 1965), however McKay & Banister
(1976) suggested this is an inappropriate comparison. The 
treadmill provided a much higher V02, as discussed earlier 
and therefore submaximal comparisons cannot be compared if 
true max is the criteria.
When bicycle comparisons were made between using heart 
rate and workload to predict max V02 verses using heart rate 
and V02, the literature supports heart rate and V02 as the 
best predictors (Davies 1968, Wyndham 1967, Shehard 1966).
Studies comparing ARN with measured max V02 have sug­
gested it provides a better prediction when max V02's are 
predicted for groups rather than individuals (Davies 1968, 
Rowell 1964, Wright 1978).
Modifications to ARN
The first modification of the ARN was designed to 
estimate the aerobic capacity of older persons and patients 
paralyzed in the lower extremities (Asmussen & Hemmingsen 
1958). To accommodate these individuals, a test was con­
structed using arm work since the original nomogram predicts 
V02 from activities using the legs.
Wyndham et al (1959) criticized the ARN assumption of 
linearity. The V02/heart rate relationship was not linear 
but was defined by a regression curve. Wyndham et al. 
proposed a modification to the nomogram suggesting an alter­
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native mathematical equation that used an appropriate curve.
The most widely used modification of the ARN was repor­
ted by Astrand (1960) who applied an age factor to the 
prediction of max V02 to expand the use of the nomogram to 
all ages. The original nomogram was based on individuals 
between 18-30, therefore it's validity was limited to that 
age group. Since older people generally do not reach such a 
high max heart rate, use of the nomogram usually overpredic­
ted max V02 (Von Dobeln 1967, Astrand 1960, Astrand 1959, 
Sidney 1977, Astrand 1973).
The prediction of max V02 from one workload has been a 
repeated criticism of the ARN throughout the literature 
(Davies 1968, Williams 1975, Wyndham 1967, Margaria 1965, 
Maritz 1961). Margaria (1965) and Maritz (1961) proposed a 
modification to the ARN step test using two or more rates of 
work. The method proposed by Margaria required using two 
heart rates between 100 and 150 each at a different work 
rate. Maritz proposed a method whereby 4 heart rates were 
measured at various levels of work. By fitting a straight 
line, these 4 heart rates were plotted and max V02 was 
predicted by extrapolation.
Von Dobeln (1967) applied a mathematical equation to 
the ARN based on heart rate, workload, age, and body size. 
Although this equation predicted max V02 better than the 
original ARN, it was limited to use on the bicycle.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 5
Siconolfi (1982), using epidemiological studies, modi­
fied the ARN to predict max V02. Out of 113 subjects, at 
least 10 subjects were used from each age decade from 20-70 
years. A method was developed that could test large popula­
tions using a single workload at a very low level. An age 
factor was applied to this method providing a better predic­
tion than the original age factor (Astrand 1960).
The most recent modification to the ARN was suggested 
by Legge & Banister (1986). The original nomogram assumed a 
heart rate of 60 bpm when no work was imposed. This modifi­
cation suggested using the heart rate determined during zero 
load pedalling, provided a more accurate range for heart 
rate (6HR).
Summary
The ability to perform long continuous physical work is 
related to the efficiency of the cardiorespiratory system. 
One important part of this efficiency is the ability to 
deliver oxygen to the working muscles which is measured by 
oxygen uptake (V02).
Early investigations studied cardiorespiratory changes 
to exercise and physical fitness. In the early 1920's it 
was found that the physical condition of an individual could 
be determined by their maximum oxygen uptake (max V02). 
This finding paved the way for the development of exercise 
tests.
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The earliest tests were field tests used to assess 
large populations and required minimal use of equipment and 
personnel. Among these, step tests were often related to 
max V02 from immediate post exercise heart rates or recovery 
heart rates.
Although step tests were widely used, the most common 
types of exercises for assessing V02 max were the bicycle 
ergometer and treadmill, provided they were available. Much 
of the early laboratory work in measuring max V02 was per­
formed by European investigators and since cycling was a 
popular mode of transportation in Europe, it was the choice 
for assessment. In the U.S., the treadmill was preferred.
The bicycle ergometer is calibrated in work units such 
as kpms, kgms or watts, they can be gradually increased and 
are easily reproducible. The advantage of the bicycle is 
that measurements such as blood pressure and heart rate are 
easily obtained since there is minimal upper body movement 
during the exercise. Cycling is a non-weight bearing acti­
vity and can be performed by special populations (e.g. 
overweight). The treadmill, however, uses more muscle 
groups and results in a larger max V02 when compared to the 
bicycle.
Maximal oxygen uptake measures the greatest ability to 
take up and transport oxygen to the working muscle. Al­
though it is considered the best measurement of cardiorespi­
ratory performance, it is often impractical. Therefore,
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submaximal tests have been developed to predict max V02.
The most commonly used parameter for predicting max V02 
is heart rate. The linear relationship existing between 
heart rate and workload and between V02 and workload allows 
for this prediction.
A submaximal bicycle test introduced by Sjostrand in 
1947 was used to predict maximum work capacity from a heart 
rate of 170. The heart rates observed at two workloads were 
extrapolated to 170 bpm and the corresponding workload was 
observed (PWC 170). Similarly, the YMCA bicycle ergometer 
test predicted maximum working capacity from two submaximal 
heart rates and the subject's age predicted maximum heart 
rate. The corresponding workload represented the predicted 
maximum working capacity and from this measurement max V02 
was also predicted.
The Astrand-Ryhming nomogram (1954) gained much popula­
rity for it's contribution to prediction of max V02- Using 
one submaximal workload performed on a bicycle, treadmill or 
step test, max V02 was predicted. The nomogram is based on 
the assumption that because heart rate, V02 and workload are 
linear, max heart rate and max V02 occur at about the same 
time. Other assumptions characterizing the nomogram were 
that max heart rates have a small standard deviation and the 
heart rate when no work is imposed is 60 bpm. These assump­
tions have been subject to much criticism.
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Evidence suggested that max V02 is approached asymtoti- 
cally and that the V02/work curve approached the assymptote 
at a much slower rate than the heart rate/work curve. 
Therefore, max V02 and max heart rate did not occur at the 
same time. This resulted in consistent underpredictions of 
max V02 when using the nomogram.
Studies comparing ARN predictions to actual max values 
reported correlation coefficients ranging from very high to 
very low, indicating the ARN as both a good and poor predic­
tion. The ARN has been found primarily to underestimate max 
V02 in unfit individuals and overpredict max V02 in trained 
individuals, when compared to actual values.
The bicycle, treadmill and step test have been compared 
to determine which type of activity provides the best pre­
diction of max V02 using the ARN. Comparisons between 
prediction of max V02 using the bicycle and treadmill have 
also been made, however this comparison is inappropriate 
since the treadmill provides a higher max V02 than the 
bicycle. When bicycle comparisons were made using heart 
rate and workload to predict verses using heart rate and 
V02, the best predictors were heart rate and V02.
Studies comparing ARN with measured max V02 have sug­
gested it provides a better prediction when max V02•s are 
predicted for groups rather than individuals.
Many modifications have been made to the ARN to compen­
sate for errors in assumptions and accommodate various popu­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 9
lations. The most widely used modification applied an age 
factor to the prediction of max V02 (Astrand 1960). Since 
the original nomogram was limited to 18-30 year olds, this 
modification expanded it's use.




Two masters degree theses were written from the present 
study. The same subject's were used and the protocol was 
modified to facilitate data collection for each study. Be­
cause the testing methodology was practically identical, the 
methodology chapters in both theses are nearly the same. 
They reflect only a few differences mainly in workload 
selection, procedures and statistical treatment.
Subi ects
Thirty (30) apparently healthy subjects (15 men and 15 
women) participated in the study. The subjects were between 
the ages of 18 and 35 (Y = 27.2 and s.d. = 3.3). Table 1 
represents the physical characteristics of the subjects.
TABLE 1
PHVSICM. CHMtfCTCRISTlCS OF SUBJECTS
MT CCrO HT OOB>
MEAN 168.8 61.3STD DEV 9.3 9.1
■ iiwii— wMMiHi I iin in n n n n rm n rtn —  n MEAN 176.1 76.9SrO DEV 6.9 13.0
172.9 6S.9STD DEV 7.0 12.9
TABLE 1
BSA AGE 2 FAT
1.7 26.9 20.00.1 2.6 4.2
1.9 27.9 19.30.2 3.8 6.8
1.8 27.2 17.7
0.2 3.3 6.1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 1
Information about the study was placed in various loca­
tions around the university, which included a written expla­
nation of the test, a physical activity readiness question­
naire (PAR-Q), a fitness profile questionnaire and a general 
information questionnaire (Appendix D). In addition, verbal 
communication about the study was provided in classes and 
clubs.
Those who volunteered returned their completed forms to 
the University of Nevada, Las Vegas Exercise Physiology 
Laboratory. Subjects between the ages of 18 and 3 5 were 
then selected provided they met the limitations stated in 
the PAR-Q form (Appendix D).
Method
Each subject reported to the laboratory for three l 
hour sessions. The initial session was to familiarize each 
subject with procedures and equipment and answer any ques­
tions pertaining to the study. The second session was an 
exercise test on a bicycle and the third session an exercise 
test on a motor driven treadmill. All subjects performed 
each test once. For each exercise test, the intensity began 
at an easily accomplished level and was advanced in stages 
up to the subject's maximum ability. During each test, 
measurement of oxygen consumption was determined by open 
circuit spirometry. Heart rate was determined by the use of 
a Microcor ECG monitor.
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A. EcMipment
The following equipment was used in the procedure: 
SUBJECT MEASUREMENTS 
-Physician scale- to weigh the subject
-Harpenden Calipers- to measure skinfold sites (Appendix F) 
-Height chart- to measure height (Appendix F)
-Electronic blood pressure & heart rate monitor- to measure 
blood pressure and heart rate (Appendix F)
SUBJECT PREPARATION 
-Alcohol- to clean the skin 
-Towel- to abrade the skin
HEART RATE MONITORING 
-Red Dot monitoring electrodes and Microcor patient cables 
-Microcor MIDI ECG Monitor
-Microcor P400 digital printer & Microcor ECG recording 
paper-to record EKG tracings
OPEN CIRCUIT SPIROMETRY 
-Thermometer & Barometer- to obtain ambient temperature and 
barometric pressure 
-Clock & Stopwatch- to monitor time
-Hosing, Mouthpiece, Headpiece, Noseclip, Warren E. Col­
lins 3-way valves, and Mixing chamber- to collect gas 
-Air pump- to extract a sample of air
-Anarad 411 C02 analyzer, Servomax 57OA 02 analyzer, Ray- 
field 10 liter volume meter and 1 liter sample bags- to 
analyze gas




-Metronome- to maintain pedalling speed at 50 bpm 
TREADMILL TEST EQUIPMENT 
-Quinton motor driven treadmill
B. Orientation Session
1. Subjects reported to the laboratory in appropriate cloth­
ing suitable for exercise (gym shorts, sneakers and loose 
fitting t-shirts).
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2. The subjects were informed of the nature, purpose and 
possible risks of the study; then read and signed the 
consent forms (Appendix E).
3. Height and skinfold measurements were taken. Blood pres­
sure and resting heart rates were taken according to 
normal standards (Appendix F).
4. A brief, practice exercise session on the bicycle and 
treadmill was given simulating actual test conditions.
5. The subjects received a copy of procedures to be followed 
prior to each test (Appendix D).
C. Equipment Preparation
Prior to each testing session, certain procedures were 
followed:
1. The gas analyzers were calibrated according to the 
manufacturers specifications (Appendix F).
2. All equipment was inspected to be sure that:
a) there were no holes or leaks in the flexible hosing 
used for gas routing
b) the equipment was connected properly.
3. Microcor EKG monitors were prepared according to manufac­
turers specifications (Appendix F).
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D. Subiect Preparation
1. Subjects reported their adherence to pretest instructions 
given during the orientation (see Appendix C and subject 
orientation). Failure to follow any of these procedures 
resulted in rescheduling of the test.
2. Subjects were prepared for CM lead electrode placement. 
Each electrode site was wiped down with alcohol, and the 
skin was abraded for better electrical conduction. Elec­
trodes were placed in three locations: the manubrium, V4 
position, and in the lower, right quadrant of the abdomen 
(ground lead). Patient cables were attached to the ap­
propriate electrodes and secured with tape.
3. Subjects were weighed.
E. Workload Selection
In preparation for both the bicycle and the treadmill
test, age predicted maximum heart rates were determined by
subtracting the subject's age from 220 (Karvonen, 1957). 
Percentages of the predicted maximum heart rate were deter­
mined at 40%, 55%, 70% and 85%. The calculation used to 
arrive at these percentages was as follows:
(PMHR - RHR) X (%) + RHR (Karvonen 1957)
where;
PMHR = age predicted max heart rate
RHR = resting heart rate
(%) = desired percent of predicted max
These percentages were used as guidelines to obtain 5
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different levels of work. Workloads were adjusted so that 
at each stage, subjects worked close to their desired per­
centages .
1. Bicvcle Test
The YMCA workload selection guide (Appendix B, Golding, 
et al 1982} was used to determine the starting workload for 
each subject. Subjects pedaled at 50 bpm maintained by a 
metronome. Each test began with a warm up at 150 kgm.
The first workload for the test was based on the heart 
rate response to the warm up, using the workload chart. 
Consecutive workloads were based on the heart rate response 
of the previous workload keeping each subject close to 
his/her desired percentages. The literature has shown bicy­
cle induced maximum heart rates to be approximately 10-12% 
lower than actual maximum heart rates (Davies 1968, Wyndham 
1966, Astrand & Saltin 1961). Therefore, heart rates 
slightly lower than desired percentages were maintained to 
avoid reaching maximum effort too quickly. Workloads at 
Stage V were increased sufficiently to induce maximal exer­
tion.
2. Treadmill Test
To obtain maximum performance, a running protocol was 
used that maintained a constant speed and increased grade as 
the loading effect. Subjects warmed up for one minute,
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walking at 3 mph. At the termination of the warm up, speed 
was increased until the onset of a slow jog. This varied 
for each individual (3T = 5.1 mph). This speed was main­
tained throughout the test.
A 0% grade was used for all subjects in Stage I. Stage 
II was increased by 2.5% and each consecutive stage was 
increased by 2.5 or 5% increments depending on the heart 
rate response. This procedure was used in all but a few 
subjects who had exceptionally elevated heart rates in which 
case an increase less than 2.5% was used.
Similar to the bicycle test, percentages of predicted 
maximum heart rate (40%, 55%, 70% and 85%) were used as 
guidelines for stages up through IV. Stage V was signifi­
cantly increased to induce maximal exertion.
An effort was made in each test to reach voluntary 
maximal exertion by Stage V. In several cases, this was not 
accomplished. Therefore, additional stages were added in­
creasing the workload until voluntary maximal exertion was 
achieved.
F. Test Procedure for the Bicvcle Ergometer and Treadmill
1. Ambient barometric pressure and temperature were record­
ed just prior to the exercise test.
2. Test procedures were reviewed with the subject.
3. The headpiece, mouthpiece and noseclip were placed on
the subject making sure the headpiece fit tightly
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around the forehead, the mouthpiece was placed securely 
between the lips and gums, and the nos e d  ip was tight 
enough to avoid air loss. A hose was connected from the 
mouthpiece to the gas collection system (see next sec­
tion on gas collection).
4. The subject sat quietly for 3 minutes to clear the
system of room air.
5. The EKG cables from the subject were connected to the
microcor EGG monitors and the resting heart rate was 
taken and recorded on the score sheet (Appendix C).
6. An evacuated sample bag was attached to the system and
the bag number was recorded.
7. The respiratory gas meter was set to zero.
8. At the end of the 3 minute rest, the resting metabolism
was measured for one minute (see gas collection).
9. Subjects began their one minute warm up according to the
procedure outlined for the appropriate test.
10. At the end of the warm up, workloads were increased to 
the level selected for Stage I (see workload selection) 
and the clock was started.
11. Heart rates were recorded at the end of the first and 
second minute.
12. At the third minute, a 1 minute gas volume was measured 
and a gas sample collected for analysis (see gas collec­
tion) .
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13. At the end of the 3rd minute, heart rates were recorded 
onto the score sheet (Appendix C) and were stored into 
the memory of the microcor monitors for future retrieval 
(Appendix F).
14. Remaining stages were increased according to the proce­
dure outlined for the appropriate test and steps 11 
through 14 were repeated.
15. The test continued until the subject indicated an esti­
mated one minute of exercise remaining to exhaustion. 
The stopwatch was started and steps 12 and 13 were 
repeated simulating the final minute of each stage. To 
reconfirm the subject's indication of exhaustion, 4 5 
seconds into the final minute the subject was asked if 
he/she wished to continue. (In this case, the process 
continued until a "quit" signal was given by the sub­
ject.)
16. A final heart rate was recorded and the test was termi­
nated .
17. The subject cooled down until a heart rate of 12 0 or 
less was observed.
18. EKG tracings were retrieved from the memory of the 
microcor monitor. Heart rates were obtained from these 
EKG tracings by counting R wave to R wave and tracings 
were saved for back up data.
19. Gas samples were analyzed (Appendix F).
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G. Gas Collection
A one minute collection began by turning the T-valve on 
the gas meter to the open position (Appendix F). Simulta­
neously, the air pump attached to the mixing chamber was 
turned on for 10 seconds to clear the sample bag hosing. At 
the end of the 10 seconds, the air from the hosing was 
directed into the sample bag by opening the stopcock.
During the collection period, temperature of the ex­
pired air was recorded. At the end of the minute, the T- 
valve on the gas meter was turned to the closed position so 
a reading could be taken and the air pump attached to the 
mixing chamber was turned off.
The volume was recorded and the volume meters reset to 
zero. The hosing from the air pump was clamped to avoid 
contamination by room air into the system. The sample bag 
was removed for analysis (Appendix F ) . A new evacuated 
sample bag was attached for the next collection period and 
the bag number was recorded.
H. Calculation of Oxvaen Uptake
Oxygen uptake was calculated using the Haldane Trans­
formation equation (Matthews & Fox 1981) and corrected for 
standard temperature, pressure and saturation (STPD) (Appen­
dix G). Raw scores can be seen in Appendix H.
Prediction Equations
Maximum oxygen uptake was predicted from 3 types of
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activities: 1) treadmill using oxygen uptake and correspon­
ding heart rate (TM); 2) bicycle using oxygen uptake and 
corresponding heart rate (BIKE/V02); 3) bicycle using work­
load and corresponding heart rate (BIKE/WL). An equation 
given by Shephard (1966) was used to predict max V02 from 
the Astrand-Ryhming nomogram. Max V02 was also predicted 
from 3 modifications of the ARM equation.
A. Astrand-Rvhminq Nomogram
1. MEN: 195-61 WOMEN: 198-78* = X
P-61 P-78*
where; P = the steady state heart rate corresponding 
to the submaximal V02 used to predict
195, 198 = the mean maximum heart rates of the 
subject's in the original investigation
61, 78 = the assumed heart rate when no work is 
being done
* The original formula given by Shephard used 72 instead 
of 78. However, since using 72 provided consistently 
lower values than those obtained manually from the 
nomogram, 72 appeared to be incorrect. Close examina­
tion of the formula suggested using 78. This provided 
predictions consistent with the nomogram.
2. These values (X) were then multiplied by the submaximal 
V02 to obtain Y.
3. Y was them multiplied by an age factor (Astrand 1960):
MEN: 100 WOMEN: 100
100+(1.37(AGE)-33.2) 100+(1.14(AGE)-23.0)
4. The obtained value was the ARN predicted max V02.
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Êi. Three (3) ARN Modifications
Modifications to the ARN were made by replacing 61 and 
78 (men and women, respectively) with true resting heart 
rates and replacing 195 and 198 with 3 different maximal 
heart rates; 1) subject's actual maximum heart rate; 2) 
subject's age predicted maximum heart rate (Karvonen 1957); 
3) average maximum heart rate of all subjects by gender.
1. EQ/ACT - prediction equation using subject's true maximum
heart rate
MEN: MAXHR-RHR WOMEN: MAXHR-RHR
P-RHR P-RHR
where; P = the steady state heart rate corresponding 
to the submaximal V02 used to predict 
MAXHR = subject's maximum heart rate 
RHR = subject's resting heart rate
2. EQ/PRED - prediction equation using subject's age predic­
ted maximum heart
MEN: PMHR-RHR WOMEN: PMHR-RHR
P-RHR P-RHR
where; P = the steady state heart rate corresponding
to the submaximal V02 used to predict 
PMHR = subject's age predicted maximum heart rate 
(220 - AGE)
RHR = subject's resting heart rate
3. EQ/AVG - prediction equation using the average maximum
heart rate of all subjects by gender
MEN: AMHR-RHR WOMEN: AMHR-RHR
P-RHR P-RHR
where; P = the steady state heart rate corresponding
to the submaximal V02 used to predict 
AMHR = the average maximum heart rate of all 
subject's by gender 
RHR = subject's resting heart rate
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These values were then multiplied by the submaximal 
V02. The age factor was not used since age was already 
accounted for within each modification.
C. BIKE/WL Equation
The equations described could only be used if submaxi­
ma 1 V02 was measured. When max V02 was predicted using 
heart rate and workload values, as in BIKE/WL, submaximal 
V02 was unknown. Therefore, submaximal V02 was replaced by 
the ARN estimation of V02 (Shephard 1SS6):
fLxlO. 18 ) + r 67 OxBSA)
5000
where; L = Workload in kgms 
BSA = Body surface area
670 = a constant used to determine basal energy 
expenditure
10.18 = a constant used to determine exercise 
energy expenditure at 23% mechanical 
efficiency
5000 = the caloric equivalent (Cal) to oxygen 
consumption
Statistical Design
A. Treadmill Max Vo2 vs Bicvcle Max V02
Comparisons between max V02 values obtained on the 
treadmill and the bicycle ergometer were made using a corre­
lated T-test. The null hypothesis stated that there were no 
differences between max V02 obtained on the treadmill and 
those obtained on the bicycle.
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B. The Astrand-Rvhminq Nomoqram and it's Modifications 
as a Prediction of Max V02
Analysis of the best type of exercise, the best predic­
tion equation, and the best type of exercise and equation 
combination were made using a 3 X 4 analysis of variance 
(ANOVA) with repeated measures.
There were two independent variables, the types of 
activity and the prediction equations. The dependent varia­
ble was the difference between the measured max V02 and the 
predicted max V02. Because there were two measured max V02 
values, the bicycle and the treadmill, deviation scores from 
both max values were used in presenting the data. Deviation 
scores were obtained by subtracting the predicted values 
from the measured maximum values of the same type of exer­
cise, or subtracting predicted values from the highest max 
V02 obtained.
Deviation scores were also treated in two different 
ways. Actual deviation scores were used, particularly in 
observing group predictions. Although the variance may be 
great, any overestimations and underestimations cancel each 
other out and a line of least squared errors was obtained. 
On the other hand, to interpret point predictions, such as 
for an individual, variance must be accounted for. There­
fore, the absolute values of the deviation scores were used 
to detect all + and - errors.
The null hypothesis stated that there was no main
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effect of the type of exercise and/or the prediction equa­
tion and that there was no interaction.
If a main effect of interaction was observed, a Tukey 
post hoc contrast was used to determine if the differences 
were significant (alpha = .05).
C. National YMCA Bicvcle Ergometer Test
The validity of the YMCA bicycle ergometer test was 
tested using a correlated T-test comparing predicted max V02 
means with measured max VO2 means. The null hypothesis 
stated that there were no differences between max V02 pre­
dictions made from the YMCA test and measured max V02 va­
lues.
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Chapter 4 
RESULTS & DISCUSSION 
Introduction
For presentation and discussion of the data, 3 major 
sections are reported:
1. the data comparing maximum V02 values obtained on the 
treadmill and the bicycle ergometer;
2. the ARN and it's modifications as methods of predicting 
max V02; and
3. the validity of the predicted max V02 determined by the 
National YMCA bicycle ergometer test.
Treadmill Max V02 vs Bicvcle Max V02 
The mean max V02 obtained using a treadmill protocol 
was 3.23 +.714 liters/min whereas the mean max V02 using a 
bicycle protocol was 3.048 +.744 1/m, a difference of .182 
1/m. The lower value using the bicycle agrees wxth most 
studies (Davies 1968, Faulkner 1971, Glassford 1965, Herman- 
sen & Saltin 1969, Wyndham et al 1966, Katch 1973, McKay & 
Banister 1976, McArdle 1970, Miyamura & Honda 1972, Astrand 
& Saltin 1961). The correlated t-test showed that the 
difference was significant (t (29) = 3.16, p < .004). Though
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significantly different, the treadmill max V02 was only 6% 
higher than the bicycle, which is less than the 10-12% 
reported by some authors (Davies 1968, Wyndham et al. 1966, 
Astrand & Saltin 1961). The high bicycle max V02 found in 
this study might have been due to the subjects (20% of the 
sample) who were competitive cyclists or utilized cycling as 
part of their training regime.
The Astrand-Rvhminq Nomoqram and It's 3 Modifications 
as a Prediction of Max V02
This section presents: (1) an analysis of the type of 
exercise (treadmill or bicycle) that gives the best predic­
tion of max V02; (2) an analysis of the equation (the origi­
nal ARN and 3 modifications, see Chapter 3) that provides 
the best prediction of max V02; and (3) an analysis of the 
type of exercise and equation combination that provides the 
best prediction of max V02.
A 3 X 4 analysis of variance (ANOVA) was used to detect 
differences between types of exercises and equations and a 
Tukey HSD post hoc contrast was used to determine where the 
differences were. The independent variables were the types 
of activity and the prediction equations and the dependent 
variables were the differences between the measured max V02 
and the predicted max V02. Because there were two measured 
max V02's (bicycle and treadmill), the deviations obtained 
from both max values have been used in presenting the re­
sults. In one analysis, deviation scores were obtained by
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subtracting predicted max values from the measured maximum 
values of the same type of exercise. For example, the 
predicted max V02 obtained from the bicycle was subtracted 
from the measured max V02 obtained on the bicycle. In the 
other analysis, deviation scores were obtained by subtrac­
ting the predicted max V02 from the highest max V02 regard­
less of the type of exercise used. In this study, the 
treadmill procedure always produced the highest max V02.
Deviation scores are presented in two ways. The first 
uses actual deviation scores with their positive and nega­
tive signs. This is appropriate when detecting differences 
in predicting the max V02 of a group since overestimated and 
underestimated values tend to cancel out each other. For 
example, if a group was tested, several predictions may have 
overestimated and several may have underestimated max V02. 
Since the + and - signs are used, the overestimates cancel 
out the underestimates and the net result may appear to be a 
valid prediction of measured max V02 for the group.
The second way of presenting uses the absolute value of 
the deviation scores. This method disregards + and - signs 
and is appropriate for detecting differences in individuals, 
since errors need to be accounted for in both underestima­
tions and overestimations. Using a similar example, if max 
V02 was predicted for an individual, it would be necessary 
to determine if the prediction underestimated or overesti-
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mated the actual value in order to evaluate the effec­
tiveness of the prediction equation.
In summary, 4 different analyses of variance were con­
ducted:
1. deviations obtained from differences between predicted 
and highest measured max V02 (Table 2);
2. absolute values of deviations obtained from differences 
between predicted and highest measured max V02 (Table 3);
3. deviations obtained from differences between predicted 
and measured max V02 of the same type of exercise (Table 4);
4. absolute values of deviations obtained from differences 
between predicted and measured max V02 of the same acti­
vity (Table 5).
The smaller the deviation, the less difference between 
predicted and measured values, indicating a better predic­
tion.
A fifth table (Table 6) shows all the mean max V02s 
(1/min), using each method. The data in this table is 
comparable to deviation scores using + and - values. In the 
case of individual predictions, some scores cancel each 
other out and much of the deviation is negated. In the case 
of predictions for a group, the deviations do not cancel 
each other out.
A. Analysis of the Type of Exercise
There was a main effect for the type of exercise used
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in 3 of the 4 analyses (Table 7). In each of these 3 
analyses, the TM was observed as the best activity for 
predicting max V02. As shown in Tables 2, 3 & 5, the lowest 
overall deviations for each method of exercise were .182, 
.298, and .298 respectively, indicating small differences 
between predicted and measured values. A Z test showed the 
deviations were not significantly different from 0 (z =
.537, 1.16, 1.16, respectively, p > .05). This close rela 
tionship between predicted and actual values can also be 
observed in Table 6 which shows the predicted and measured 
mean values of max V02. The measured max V02 was 3.23 1/min 
using the treadmill and 3.048 1/min using the bicycle. The 
mean predicted value using the treadmill, 3.05 1/min, was 
closer to both measured values than the average mean predic­
ted values using the bicycle, 2.88 1/min and 2.76 1/min. 
However, a Tukey HSD post hoc contrast showed no significant 
difference (alpha =.05) between the types of activity, ex­
cept when the highest max was used as the dependent varia­
ble, as in Tables 2 & 3. In both these analyses, the TM was 
significantly different from BIKE/WL.
There was no main effect of the type of activity when 
the actual deviation scores obtained from differences bet­
ween actual max values and predicted were used (Table 7). 
Though not significantly different, BIKE/V02 was more accu­
rate than BIKE/WL and TM (Table 4).
From the statistical treatment, inferences can be made
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about the type of activity used to predict max V02. The 
best type of activity for prediction of max V02 is the 
treadmill. Since the bicycle gives a lower max V02, (Davies
1968, Faulkner 1971, Glassford 1965, Hermansen & Saltin
1969, Wyndham et al. 1966, Katch 1973, McKay & Banister 
1976, McArdle 1970, Miyamura & Honda 1972, Astrand & Saltin 
1961), a better prediction would be expected using the 
treadmill when predictions are compared to the highest max 
V02 (Tables 2 & 3). If true maximum values are desired, the 
TM protocol should be used.
If the bicycle ergometer is the only available equip­
ment, the BIKE/V02 provides a more accurate prediction of 
max V02 than the BIKE/WL. This is supported by Davies 1968, 
Wyndham 1967, and Shephard 1966. In all 4 ana yses, the 
BIKE/V02 was the second best prediction of max V02, and the 
BIKE/WL was significantly poorer. Using the mean max V02 
values, these observations are shown in Table 6 and Figure l, 
No differences were observed between predictions suita­
ble for large groups verses those suitable for individuals.
B. Analysis of the Prediction Equation
There was a main effect for prediction equations in 
each of the 4 analyses (Table 7). In the two analyses 
utilizing the absolute values of the deviations (Tables 3 & 
5), EQ/PRED was the best equation for predicting max V02. 
The lowest overall deviations were .389, and .342 (Tables 3
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& 5), however, a Tukey HSD post hoc contrast showed that it 
was not significantly different from the other equations. A 
Z test showed that these deviations were not significantly 
different from 0 (z = 1.28 and I.IO, respectively, p > .05). 
When predicting an individual's max V02, EQ/PRED is the best 
equation to use.
When predicting max V02 for a group, utilizing actual 
deviations (Tables 2 & 4), the ARN was the best equation. 
The lowest overall deviations of .219 and .098 are shown in 
Tables 2 & 4. A Z test showed that these deviations were 
also not significantly different from 0 (z = .395 and .176, 
respectively, p > .05). These small differences can also be 
observed in Table 6 showing measured and predicted mean V02 
values. Measured V02 values using the bicycle and treadmill 
were 3.048 1/min and 3.23 1/min, respectively. The value 
for ARN predictions, 3.01 1/min, was the closest prediction 
to both measured max V02 values. Though not significantly 
different (p > .05) from EQ/PRED, it was significantly 
different from EQ/ACT and EQ/AVG when contrasts were made 
using Tukey HSD.
In summary, EQ/PRED was a better equation to use when 
predicting max V02 for an individual. The ARN gave better 
results when a mean max V02 for a group was needed. These 
findings are similar to Davies (1968), Rowell (1964), and 
Wright (1978) who found that the ARN was a good prediction 
for determining the max V02 of a group.
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No differences were observed when predicted max was 
compared to actual max values (Tables 4 & 5) verses highest 
obtained values (Tables 2 & 3).
C. Analysis of the Activity and Equation Interaction
There was a main effect for the interaction between the 
type of exercise and the prediction equation used for all 4 
analyses (Table 7). For the analyses utilizing actual de­
viations (Tables 2 & 4), two different activity and equation 
interactions were observed. When actual max was the depen­
dent variable, the ARN used with the BIKE/V02 was the best 
combination, with the lowest deviation of .029 (Table 4). A 
Z test showed this deviation was not significantly different 
from 0 (z = .047, p > .05). This small difference between 
predicted and actual can also be observed in Table 6 which 
shows predicted and measured mean V02 max values. The ARN 
used with the BIKE/V02 gave a predicted max V02 of 3.019 
1/min, whereas the measured bicycle max V02 was 3.048 1/min, 
a difference of .029 1/min. Application of the Tukey post 
hoc contrast showed that out of 12 possible combinations 
(Table 4), the BIKE/V02 used with the ARN was not statisti­
cally different (p >.05) from 5 activity and equation inter­
actions: the BIKE/WL and TM used with the ARN and the 3 
types of activities used with the EQ/PRED. There are stati­
stical differences (p <.05) when compared to all other 
combinations of activity and ec[uation.
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When the difference between predicted max V02 emd high­
est max was used as the dependent variable, the EQ/PRED 
combined with the TM provided the best prediction of msoc V02 
with the lowest deviation of .093 (Ted>le 2). A Z test 
showed this deviation was not significantly different from 0 
(z~ .270, p > .05). This small difference between predicted 
and actual can also be observed in Teüale 6 which shows 
predicted emd measured meem V02 values. The EQ/PRED used 
with the TM showed a predicted max V02 of 3.137 1/min, 
whereas the measured highest max V02 (TM) was 3.23 1/min, a 
difference of .093 1/min. Application of the Tukey post hoc 
contrast showed that this interaction was significantly dif­
ferent (p <.05) from all other interactions except for the 
ARN used with the TM.
When the analysis utilizing absolute value of the de­
viations were compared, the EQ/ACT combined with the TM 
provides the best prediction of max V02. As cam be seen in 
Tables 3 & 5, the lowest deviation score is .216. In prac­
tice, EQ/ACT and EQ/AVG cannot be used to predict max V02 
since maximum heart rate must be known (see chapter 3).
Since EQ/PRED used with the treadmill, the second most accu­
rate interaction (.255), was not significantly different (p 
>.05) from EQ/ACT used with the treadmill, it was the best 
prediction to use for both treatments. Tukey post hoc 
contrast revealed no significant difference between EQ/PRED
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combined with the treadmill zmd all other interactions. A Z 
test showed no siginificant difference from 0 (z » 1.04, p > 
.05).
Overall, the TM used with the EQ/PRED clearly provided 
the best combination for prediction of max V02. If the 
treadmill is not availedale, the BIKE/V02 used with the ARN 
also provides a good prediction.
National YMCA Bicvcle Ergometer Test 
The predicted meoc V02 from the YMCA bicycle ergometer 
test was 2.962 +.666 (1/m) whereas the measured max V02 from 
the bicycle test was 3.048 +.744 1/m, a difference of .131 
1/m. The correlated t-test showed this difference to be 
non-significant (t (29) * -1.17, p > .05). Therefore, the
YMCA's submeocimal bicycle test has been shown to be a good 
test for predicting max V02.
Suimna-rv
For presentation and discussion of the data, 3 major 
sections were reported: (1) the data comparing maximum V02 
values obtained on the treadmill and the bicycle ergometer, 
(2) the ARN and it's modifications as methods of predicting 
max V02, and (3) the validity of the predicted max V02 
determined by the National YMCA Bicycle Ergometer test.
1. Treadmill Max V02 vs Bicycle Max V02
When comparing max V02 obtained on the treadmill and
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the bicycle ergometer, a correlated T-test showed the bicy­
cle max V02 was significantly lower than the treadmill max 
V02.
2. The ARN and it's 3 Modifications as a Prediction of Max V02
This section consisted of (a) an analysis of the type 
of exercise which gives the best prediction of max V02, (b) 
an analysis of the equation which provides the best predic­
tion of max V02, and (c) an analysis of the type of exercise 
and equation combination that provides the best prediction 
of max V02.
A 3 X 4 analysis of variance with repeated measures was 
used to detect differences between types of exercises and 
prediction equations and a Tukey post hoc contrast was used 
to determine if the differences were significant. Deviation 
scores were used in the analyses.
Deviations were obtained by subtracting max V02 predic­
tions from measured max V02s obtained from the same activi­
ty, and by subtracting max V02 predictions from the highest 
measured max V02, obtained from the treadmill test.
Actual deviations were used when max VO2 predictions 
were observed for a group. The absolute value of the devia­
tions were used when predictions were observed for an indi­
vidual .
Therefore, the results were presented using 4 analyses:
1. deviations obtained from differences between predicted
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and highest measured max V02;
2. absolute values of deviations obtained from differences 
between predicted and highest measured max V02;
3. deviations obtained from differences between predicted 
and measured max V02 of the seime type of exercise;
4. absolute values of deviations obtained from differences 
between predicted and measured max V02 of the same acti­
vity.
(a) Analysis of the type of exercise
These findings indicate that the best type of activity 
for prediction of max V02 was the treadmill. If the bicycle 
ergometer is the only available equipment, the BIKE/V02 
provides a better prediction than the BIKE/WL.
(b) Analysis of the prediction equation
The analyses used to observe predictions for an indivi­
dual showed EQ/PRED was the best equation to use, whereas 
predictions for a group were best made using ARN.
(c) Analysis of the activity and equation interaction
The TM used with the EQ/PRED provided the best combina­
tion for prediction of max V02. If the treadmill is not 
available, the BIKE/V02 used with the ARN also provides a 
good prediction.
3. National YMCA Bicycle Ergometer Test
When validating the YMCA bicycle ergometer test as a
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means to predict max V02, a correlated T-test showed no 
significant difference between means, indicating it was a 
good submaximal test for predicting max V02.
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Chapter 5 
SUMMARY AND CONCLUSIONS 
Summary
An increase in the incidence of coronary heart disease 
has lead to interest in preventive measures. Since there is 
a strong relationship between regular exercise and coronary 
heart disease, health professionals support exercise as a 
contributing factor in reducing this incidence.
An important part of an exercise program is the ability 
to assess fitness levels, particularly the efficiency of the 
cardiorespiratory system. Maximal oxygen uptake (max V02) 
is considered the best measurement of cardiorespiratory 
fitness. However, it is often impractical, technically 
difficult to measure, requires trained personnel and expen­
sive equipment, and may pose a health risk for some indivi­
duals .
For these reasons, submaximal tests have been developed 
to predict max V02. Two widely used tests are the Astrand- 
Ryhming Nomogram (ARN) and the National YMCA bicycle ergome- 
ter test. While both tests predict max V02 from heart rate 
and workload, the ARN also uses submaximal oxygen uptake as 
a parameter. Prediction of max V02 using the ARN can be
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performed on a bicycle, treadmill or step bench. However, 
this nomogram is of empirical origin and has been subject to 
much criticism and several modifications.
The first purpose was to determine which of the 3 types 
of exercises used with the Astrand-Ryhming nomogram predic­
ted max V02 most accurately: (a) the bicycle using V02 and 
HR, (b) the bicycle using workload and HR, or (c) the tread­
mill using V02 and HR. Secondly, which of the 4 possible 
equation modifications determined the best max V02 predic­
tion (see chapter 3). The third purpose was to determine 
the best submaximal type of exercise to predict max V02 and 
the equation most suited for that activity. Fourthly, maxi­
mum V02 values obtained on the treadmill were compared with 
those obtained on the bicycle, and lastly, the Y's Way To 
Physical Fitness Bicycle Ergometer Test was validated as a 
method of predicting max V02.
Thirty subject's (15 males and 15 females) between the 
ages of 18 and 35 participated. Subject's performed maxi­
mally on a treadmill and bicycle ergometer. Oxygen uptake 
and heart rate were measured at both maximal and submaximal 
workloads using open circuit spirometry and electrocardio­
graphy, respectively.
A correlated T-test was used to determine differences 
between max V02 obtained on the treadmill and the bicycle 
ergometer. Validation of the YMCA bicycle ergometer test
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was also made using a correlated T-test.
To determine the best type of exercise, the best pre­
diction equation and the best activity and equation combina­
tion, a 3 X 4 analysis of variance with repeated measures 
was used. Data was presented using deviations and the abso­
lute value of the deviations. Predictions were compared to 
measured max V02 values from the same type of exercise and 
to the highest measured max V02 obtained (treadmill). A 
Tukey HSD post hoc contrast was used to determine signifi­
cant differences.
The results of this study showed that max V02 obtained 
on the treadmill was significantly higher than that obtained 
on the bicycle and that the treadmill was the best type of 
activity for predicting max V02. However, if the bicycle 
was used with the ARN, heart rate and submaximal V02 gave a 
better prediction than heart rate and workload. The results 
also showed that predicting max V02 for an individual was 
more accurate using EQ/PRED whereas, ARN was the best equa­
tion to use when predicting max V02 of a group. The best 
combination of the type of exercise and equation for predic­
ting max V02 was the EQ/PRED and the TM. Lastly, the YMCA 
bicycle ergometer test was found to be a good submaximal 
test for predicting max V02.
Conclusions
The following conclusions can be drawn from this study:
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1. max V02 obtained on the treadmill was significantly high­
er than that obtained on the bicycle;
2. the best type of activity for predicting max V02 was the 
treadmill;
3. when the bicycle was used with the ARN to predict max 
V02, the use of heart rate and V02 provided a better 
prediction than the use of heart rate and workload;
4. when predicting max V02 for individuals, EQ/PRED was the 
best equation;
5. when predicting the max V02 of a group, ARN was the best 
equation;
6. the best combination of exercise activity (treadmill or 
bicycle) and equation (ARN and it's 3 modifications) was 
the treadmill and the EQ/PRED;
7. the YMCA Bicycle Test was found to be a good submaximal 
test for predicting max V02.
Recommendations
Recommendations based on the results of this study are as
follows:
1. the treadmill is recommended for measuring true max V02;
2. when using an equation to predict max V02, it is neces­
sary to determine the type of exercise equipment that is 
available and choose a prediction equation which is best 
suited for that activity. Based on this study, the
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treadmill is the best activity to use;
3. it is recommended that if the bicycle ergometer is used 
with the ARN, heart rate and submaximal oxygen uptake 
parameters should be used instead of heart rate and 
workload, if the necessary equipment is available;
4. when using an equation to predict max V02, it is neces­
sary to determine whether predictions are being made for 
a group or for an individual, before choosing an appro­
priate equation. Based on this study, EQ/PRED is recom­
mended for predicting max V02 of an individual, while ARN 
is recommended for predicting max V02 of a group;
5. it is recommended that EQ/PRED used with the treadmill 
provides a good prediction of max V02;
6. the National YMCA bicycle ergometer test is recommended 
for predicting max V02;
The following are recommendations for future studies:
1. since this study was limited to individuals between 18 
and 35, a further study is suggested to determine how 
these results might compare to younger or older indivi­
duals .
2. further research may also be used to determine how these 
results compare to symptomatic or overweight individuals.
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3. in using EQ/PRED as a method of predicting max V02, a 
study is suggested to determine it's validity using the 
heart rate at zero load pedaling in place of the resting 
heart rate found in the equation.
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GLOSSARY OF TERMS
The following definitions briefly define abbreviations 
as they are used throughout this paper:
YMCA Bicvcle Test- This is the National YMCA Bicycle Ergome­
ter Test (Golding et al. 1982). As part of the Y's Way To 
Physical Fitness, this test measures cardiovascular fitness. 
A detailed explanation of test procedures can be found in 
the Y's Way To Physical Fitness handbook (Golding et al. 
1982) .
ARN- This is the Astrand-Ryhming Nomogram (Astrand & Ryhming 
1954). This nomogram is used to predict max V02 from heart 
rate, submaximal V02 and/or workload and can predict from 
the treadmill, bicycle ergometer or step test.
TM- This refers to predictions made using the treadmill.
BIKE/V02- This refers to predictions made from heart rate 
and submaximal V02 measurements using the bicycle ergometer.
BIKE/WL- This refers to predictions made from heart rate and 
workload (kgm) using the bicycle ergometer.
EQ/PRED- This is a modification to the ARN using age predic­
ted maximum heart rate (220 - age). Subject's resting heart 
rate is also used.
EC/ACT- This is a modification to the ARN using the sub­
ject's actual maximum heart rate. Subject's resting heart 
rate is also used.
EO/AVG- This is a modification to the ARN using the average 
maximum heart rates of the subject's, by gender. Subject's 
resting heart rate is also used.




YMCA Workload Selection Guidelines 
Astrand-Ryhming Nomogram
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YMCA WORKLOAD SELECTION CHART
DIRECTIONS 1. Set the fini w«rk k^d at ISO KGH/mln (0.5 KP)
2. If HR in third min Is:
Less than « )  60. set 2nd load at 750 KGM (2.5 KPi 
80 to 89. set 2nd load at 600 KGM (2.0KP)
90 to 100. set 2nd load at 450 KGM (1.5 KP)
Greater than (>) 100, set 2nd load at 300 KGM (l.OKP)











6 0 -8 9 9o™ôîr
750 KGM 600 KGM 450 KGM 300 KGM
2.5 KP 2.0 KP 1.5 KP 1.0 KP
1 1 1 1
900 KGM 750 KGM 600 KGM 450 KGM
3.0  KP 2.5 KP 2.0  KP 1.5 KP
1 1 1 _ 1
1050 KGM 900 KGM 750 KGM 600 KGM
3.5  KP 3.0 KP 2.5 KP 2.0 KP
( < )  Less than (> )  Greater than
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Hours of sleep 
Medication 
Cigarettes (4 hrs) 
Caffeine (12 hrs) 




Reproctucect with permission of the copyright owner. Further reproctuction prohibitect without permission.
7 5
DATE_________ p r e d i c t i n g  MAXIMUM AEROBIC WORK CAPACITY_____ WT____
TEST #  GAS ANALYSIS_____________________ pB____
SUBJ #______  AIR T.
BAG # FE 02 FE C02 VOLUME TEMP
STAGE
REST ______  ______  ______  ______  ______
I_________ _______ ______  ______  ______  ______
II ______  ______  ______  ______  ______
III_____________  ______  ______  ______  ______
IV ______  ______  ______  ______  ______
V
DATE  PREDICTING MAXIMUM AEROBIC WORK CAPACITY WT__
TEST #  GAS ANALYSIS p B _
SUBJ #_______ AIR
BAG # FE 02 FE C02 VOLUME TEMP
STAGE
REST ______  ______  ______  ______  ______
I_________ _______ ______  ______  ______  ______
II ______  ______  ______  ______  ______
III_____________  ______  ______  ______  ______
IV ______  ______  ______  ______  ______
V _______ _______ ______  ______  ______
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PREDICTING MAXIMUM AEROBIC WORK CAPACITY DATE__
HEART RATE. LEVEL & PERCEIVED EXERTION TEST #.
SUBJ #
TIME GRADE/KGM SPEED HR PER EX PRED HR %
STAGE
REST ______






6         55%.
Ill 7 ______  _______ ______
8     _____
9         70%_
12         85%.
13_____ _______ ______  ______
14_____ ______  _______ ______
15         MAX_




Fitness Profile and General Information Questionnaire 
Physical Activity Readiness Questionnaire 
Explanation of the Test 
Pretest Procedures
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UNLV EXIRCIIE PHYC’OLOGY LAIORATORY 
PREDICTING MAXIMUM AEROBIC WORK CAPACITY 
QUESTIONNAIRE
Fltnasa Profila (Circle the appropriate response 1-5)
1. How would you rate the amount of physical activity you per­
form while at work or school?
Very little Little Moderate Active Very a c t i v e
1 2 3 4 5
2. How would you rate the amount of physical activity you per­
form during your leisure time?
Very little Little Moderate Active Very active
1 2 3 4  5
3. How physically fit do you feel at the present?
Unfit Below average Average Above average Verv rl 
1 2 3 4 5
4. Are you currently performing any physical fitness program?
If yes, please describe (activity, how often, how long.
how hard, etc...; _______________________________________________
G#ner*l Information
5. Have you ever performed a maximal treadmill or bicycle test?
YES ___  NO ___
If yes. please explain when, where and why :
6. Please 11st below the days and hours you are aval lab 1e?
Early am1 Late am Early Afternoon Late Afternoon Evening
MON / / /
TUE / , /
WED / / /• /•
THU / /
PR I /• , /
SAT / /
SUN / / / /
7. Name Age M/F
Loca 1 Address
City, State, Zip
Home Phone ___________________________  Work Phone
We will contact you in two weeks, if you do not hear 
from us, please call the lab, 739-3767 and leave a message, 
particularly as to what time is best to call.
6. Please read and complete the attached Par-Q form.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7 9
Physical Activity Raadliwss 
Outstioonaira (PAR-Q)'
PARQ & YOU
MAO-ewvWwwmwWeww" Wm, mwwiwmiMi—vmwmm*"»# 
■ M  M  c o M f t M m  a  PM-e m  ■  M w m n  f t m  t m  l e  m »  • * # * # » #  # m m«#
S » r  « * # 1  i i o p e  m m it j l « c m w y  n o u i t  * *  W  i > i y  > r i > H W  f  X m w . M M  W I
MafKM 10 iMnMv M tMi «umMr o'Mum lor Miom pnyaem KMMy• r  a t o M  u M o  M o u M  M w  N t M C H  a m c t  e p o c a m n s  M  i T M  • •  a c n v i r  « e w  w o M o  i s r a i a i i i
C M l M r  M d  C M C k  I V I  • •  o  m  o r  O  N O  <
m  NO








Z  D o  y o u  t r u q u a
□
□
Q Z Oo y o u  earn N o i tiM e r i t o r q  l o o m  0» 
□  4 H w s o o e w e m r M O y o u i H o M e i m i
O
laooHoiagttT
Z  H m  y o u r  o o o o r t y q r t a i o  y o u  O M  y o u  m » q  0  0 0  
o o M O m o i  m a t  a w  o t o r i n g m o i o d  o y  m tc iiz  o r  « m i o  m
□
O
Z  t e o w e s g o o d o h y e e a i i  
• M o o  art i c o iitr o r o g r m
T. A « o y o u o i o r o d O # » o id m d l o f C u l t o t M l o r i g o ' o u o  o a a r c o a ' »
m o i m o m a o m d m r o a m y y o u o m u t d m o l
O y o u o o r o M l o ?
YES  to o n e  or m o r e  q u e s t i o n s  N O  to all q u e s t i o n s
proarams
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SCHOOL OF f€ALTK PHYSCAL EDUCATION. 
RECREATION AND DANCE
EXBJOSE PHVSKXOGY LABORATORY
PREDICTING AEROBIC MAXIMUM WORK CAPACITY
There is a great interest in knowing your fitness level, how 
fat you are and what vour weight should be. You can find this 
out by volunteering to be a subject in a study; The exercise 
physiology laboratory is doing a study which will give you this 
information. We need volunteer sublects tmen and women) between 
the ages of 18-35 years. The testing will require you to come to 
the laboratory a different days tor approximately one hour each 
time (this will be scheduled at vour convenience). The first 
visit will be for orientation and practice, the second will be 
for a bike test and the t M r d  and fourth for a treadmill test.
If you are interested, p ^ a s e  fill out the following documents 
and return to the exerc^f physiology^laboratory. Thank you.
rence A. Golding. PhD! Director
Anne Lindsav: Research Associate
C W w U ,
“1l d
Cherri Nowotnv: Research Associate
UMVERSTY OF NEVADA. LAS VEG AS/4S05 MARYLAND PARKWAY/LAS VEGAS. NEVADA 89154/(702) 739-3766
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Pretest Procedures
Rest—  Try to get a good nights sleep prior to the 
day of testing.
Caffeine—  Abstain from caffeine (coke/coffee) 12 
hours prior to test.
Eating—  Do not eat 3 hours prior to testing; Abstain 
from eating heavy meals on day of testing.
Smoking—  If you smoke, abstain from smoking 4 hours 
prior to test.
Menstrual cycle—  Do not schedule your testing days 
during or 4 days prior to your menstrual period.
Exercise—  Do not exercise on test day; and only light 
exercise on day before test.
Attire—  Men: Shorts/Running shoes
Women : Shorts/Bikini Top or Loose
Top/Running shoes
NO LEOTARDS OR DANSKINS!
NO NYLON FABRIC!
(These make EKG electrode placement 
difficult as well as creating static 
electricity)
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I n f o r a a d  C o n a m n t
Explanatlen of tho toat: Each subject will peftorm three tests, 
one on a bicycle and two on a motor driven treadmill. The wotk 
will begin at a level you can easily accomplish and will be 
advanced in stages up to your maximum ability. Depending on your 
level of fitness, the tests will last between IS and 25 minutes. 
During the tests, measurements of oxygen consumption and heart 
rate will be taken. Therefore, you will be asked to breathe 
through a mouthpiece with your nose clipped in order to collect 
expired air for analysis and you will have electrodes placed on 
your chest in order to monitor heart rate. These tests require 
you to work at your maximum ability and therefore are demanding, 
vigorous and stressful. We may stop the test at any time if we 
observe signs of fatigue or you may stop at any time if you feel 
any discomfort or fatigue.
Risks: There is potential risk involved in exercise testing.
Although medical clearance is advised, it is not required since 
you are under 35 and apparently healthy. While exercising, tnere 
is always a risk of tripping or falling, as well as muscie sore­
ness, stiffness, lightheadedness or fainting. You will be moni­
tored by staff during the study and every effort will be made to 
ensure your safety.
CenfIdsntlalIty: Subject’s confidentiality will be maintained
with only staff personnel having access to the files. Names, 
phone numbers and addresses will not be released without the 
subject’s permission; nor will they be used for reports and/or 
pub 1ication.
Right to Rofuae or Withdraw; You may at any time change your 
mind about being in the study and may withdraw after the study 
has begun. You may refuse to participate in any part of the 
study, however, you may be dropped from the study at that time.
Question#: Any questions you have about the study, it’s purpose,
design, methodology, procedures and significance will be addressee 
to your satisfaction. If you have additional questions, piease 
fee 1 free to contact Anne Lindsav. Cher r i Nowotny or Dr. Golding 
(room 209 HPE or call T39-3T67).
Your signature below will indicate that you have decided to 
volunteer as a research subject, that you have read the informa­
tion provided above and understand the test procedures, possible 
dangers and certify that there is no medical reason why you 
should not participate in this study.
Signature Date Print Name
Witness Signature Date Print Name





Gas Analysis Schematic 
Calibration of the Analyzers 
Microcor Ml01 ECG Monitor 
Microcor Schematic 
Blood Pressure, Heart Rate and Skinfold




a. The analyzer was inspected for correct calibration 
(Appendix F) .
b. Expired air in the sample bag was mixed by gently 
squeezing the bag.
c. The bag was attached to the tubing of the oxygen 
analyzer.
d. The stopcock was opened and light pressure was ap­
plied to assist in introducing the gas through the 
system for analysis.
e. The gas was continually pushed through the system 
until there was no change in the oxygen reading.
f. The stopcock was then closed, the bag was removed and 
the oxygen reading was recorded in the appropriate 
space (Appendix C).
Carbon Dioxide Analysis
a. The analyzer was inspected for correct calibration 
(Appendix F).
b. Expired air in the sample bag was mixed by gently 
squeezing the bag.
c. The bag was attached to the tubing of the C02 analy­
zer.
d. The stopcock was opened which permitted the pump to
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pull the gas through the system for analysis.
e. The gas was permitted to flow through the system 
until there was no change in the C02 reading.
f. The stopcock was then closed, the bag was removed and 
the C02 reading was recorded in the appropriate space 
(Appendix C).
g. Any remaining gas was then vacuumed from the sample 
bag.
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CALIBRATION OF THE SERVOMAX 570A 02 ANALYZER
1. The analyzer was turned on and allowed to warm up for 45 
minutes prior to calibration.
2. The analyzer was checked for adequate dri-rite.
3. A one liter sample of nitrogen, and a one liter sample 
of a mixed calibrated gas was obtained from the appro­
priate cylinders.
4. A sample of the nitrogen was introduced into the analy­
zer by applying light pressure to the sample bag until a 
reading of zero was obtained. This was done by adjust­
ing the zero control.
5. A sample of the mixed calibrated gas was introduced in 
the same manner until a reading was obtained equal to 
that of the calibrated gas. This was done by adjusting 
the span.
6. The nitrogen and the mixed calibrated gas were reintro­
duced until readings equal to that of the gases were 
reached.
7. Room air was also used as a calibrated gas.
CALIBRATION OF THE ANARD 411 C02 ANALYZER
1. The analyzer was turned on and allowed to warm up for 45 
minutes prior to calibration.
2. The analyzer was checked for adequate dri-rite.
3. A one liter sample of nitrogen, and a one liter sample
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of a mixed calibrated gas was obtained from the appro­
priate cylinders.
4. A sample of the nitrogen was introduced into the analy­
zer allowing the pump to draw the gas into the system 
until a reading of zero was obtained. This was done by 
adjusting the zero control.
5. A sample of the mixed calibrated gas was introduced in 
the same manner until a reading was obtained equal to 
that of the calibrated gas. This was done by adjusting 
the span.
6. The nitrogen and the mixed calibrated gas were reintro­
duced until readings equal to that of the gases were 
reached.






Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
90
MICROCOR MIDI ECG MONITOR
Heart rates were monitored in this study with the 
Microcor MIDI Portable ECG Monitor. One of the features of 
this particular monitor is it's ability to store EKG strips 
for later retrieval. Although no specific reference to EKG 
tracings were made, heart rates were easily monitored and 
saved as back up data.
This particular model has a feature known as "snap" 
which memorizes and stores a 2.3 second interval (or "snap­
shot") of the electrical activity of the heart. Each moni­
tor can record up to 6 different snaps.
1. RESET/CLEAR THE MONITOR
a. Turn off the monitor by using knob A, see Appendix F 
(Off/MAX).
b. Press and hold button B while turning on the monitor. 
"Reset" will appear in the lower, left hand corner of 
the screen.
c. Release button B and the monitor is now cleared. To 
verify the memory bank is empty, check to see that no 
words appear on the screen adjacent to button C. 
(When there is data being stored, the word "recall" 
appears.)
2. TURNING OFF THE ALARM
a. Because the alarm is automatically programmed to go
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off when a heart rate of 150 is achieved, it must be 
manually shut off. To do this, press button D ("alarm")
b. Next, press button B (on/off). At this time a slash 
will appear through the alarm symbol located in the 
lower, left hand corner of the screen signifying that 
the alarm is off.
c. Press button E ("run") to return to the original 
screen.
3. SETTING DESIRED DISPLAY FEATURES
a. To be sure the EKG standard is set to the appropriate 
mm/sec (for this study 25 mm/sec was used) press 
button G ("sweep") until the number twenty-five ap­
pears on the screen.
b. Choose the appropriate lead. (In this study, each lead 
was evaluated before each test while the monitor was 
on and the lead that produced the best EKG with the 
least amount of artifact was used. This helped pre­
vent a lot of excess noise creating false heart 
rates.) To do this, press button F ("lead") until the 
desired lead appears at the bottom of the screen.
4. STORING HEART RATES IN THE MEMORY
a. During the actual test, digital heart rates can be 
seen displayed on the screen directly above 
"rate/time".
b. The clarity of the picture can be adjusted using knob 
A (on/off) which also serves as a contrast (picture
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control).
c. When a "snap" is ready to be taken, press button B 
(snap) and the word "recall" will appear on the screen 
adjacent to button C.
d . When the sixth and final snap is taken, the word 
"snap" which now appears on the screen adjacent to 
button B, will disappear. This notifies the operator 
that there is no more room in the memory. If the test 
is unfinished, a new monitor must quickly replace the 
current one and be cleared for further storage.
5. RETRIEVING THE DATA
a. Upon completion of the test, remove the subject leads 
from the microcor.
b. Attach the specialized plug from the printer to the 
outlet on the microcor labeled "data".
c. Be sure there is paper in the printer.
d. Turn both the printer and the microcor to the on 
position.
e. Switch lever H and I (on the printer) to the desired 
size (mm/mv) and speed (mm/sec), respectively. (For 
this study, 10 mm/mv and 25 mm/sec were used.)
f. Press lever J (print) and the data will print out EKG 
snaps recorded at each stage.
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BLOOD PRESSURE, HEART RATE AND SKINFOLD PROCEDURES
1. Blood pressure and heart rate:
Blood pressure and heart rate were taken after the 
subject had been sitting quietly for approximately two 
minutes. The subjects sat with their feet flat on the 
floor and their backs straight. The electronic blood 
pressure monitor was used to measure heart rate, systo­
lic and 5th phase diastolic blood pressure.
2. Height:
Standing height was measured in centimeters using 
an anthropometer. Subject removed shoes and stood as 
tall as possible with feet together, looking straight 
ahead.
3. Skinfolds:
Percent body fat was estimated using Jackson and 
Pollock's skinfold equation: sum of three for women, sum 
of four for men (Golding 1982).
Exact location of skinfold sites and procedures 
were done according to The Y's Way To Fitness (Golding 
1982) :
The subject was instructed to stand relaxed and 
comfortable with arms to the side. Each measurement was 
taken from the right side of the body. Two to three 
trials at each site were taken for better accuracy. 
Using two hands, the fold was firmly grasped between the 
left thumb and four fingers then lifted up. This was 
done several times to make sure that no musculature was 
grasped. While holding the skinfold firmly with the 
left hand, the calipers were placed below the thumb and
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fingers with the right hand. When the caliper needle 
stopped, the reading to the nearest half millimeter was 
taken. The sites specific to this equation were mea­
sured as follows:
WOMEN
TRICEPS A vertical fold on the back of the upper 
arm, midway between the tip of the acromial pro­
cess of the scapula and the elbow.
ABDOMEN A vertical fold approximately one inch to 
the (subject's) right of the umbilicus.
ILIUM A diagonal fold just above the crest of the 
ilium, (the highest peak along the mid-axillary 
line).
MEN
ABDOMEN A vertical fold approximately one inch to 
the right of the umbilicus.
ILIUM A diagonal fold just above the crest of the 
ilium, (the highest peak along the mid-axillary 
line).
AXILLA A vertical fold on the mid-axillary line 
at the nipple level.
PECTORAL A diagonal fold halfway between the 
axillary fold and the nipple.
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APPENDIX G 
CALCULATION OF OXYGEN UPTAKE
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CALCULATION OF OXYGEN UPTAKE
I . Correction equation
Volume of collected air under ambient conditions (ATPS) 
was corrected for standard temperature, pressure and satu­
ration (STPD):
V (STPD) = V (ATPS) X (PB-PH20/760) X (273/(273+T))
where; V = Volume of expired air (1/m)
PB = Barometric pressure 
PH20 = Water vapor pressure
T = Temperature of expired air
II. Haldane transforamtion equation
Oxygen uptake was calcualated using the Haldane trans­
formation equation;
V02 = V (STPD) X (l-a)/.7903) x .2093 - (V (STPD) X FE02)
where; V = Volume of expired air (1/m)
a = % 02 of expired air + % C02 of expired air 
FE02 = % 02 of expired air




Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
99
3228S222 S2S?gg SSSSggg RSgÇgSî
ODODOOf A e m # n n §§§E# #1 es## iPiiis lisii
roomvvom e^m^ooo vngmNO ... --------  ^  _____ocooew^w oooooo boo**T
0 X0 0 0 0 *** o o o o o o * *  * o * * * *  o o o o o o o  * o o o * * *
00*M*# 000
■ • • • ■ 0  • • • • • «
zoere^ao% **BN^O»0 O’CO'C’OO'OO B o V o* o eeoom* mmmwwwmonNTCOO wc*em*w^mwco o»eomr N r o N o N^̂ *OC(̂ 09>0 *nDOOBO^% OOON&& ««OfwOOClN OVON&MN OMOOO? OTOCO& ^  Z *  ««•«««•• «««aM w  #a #*
wXTOON^wm S xo*e*nBm \ n •••••■■O X »ofsN*r^ ^ r. *f«N« w» X %
moBvoooo
**Nwoec
a C T T N BVOMM^e
"8388S
0(M̂ <%000 O C O C »o o o o 9 Q n
m O N M s m m  m s w N m o p  rnmmmv? wMNdvv
000M*0
N N N & o e  * W « W V
VOONN?KOorwo«NOOmON
xoooa^^o1 : p?> * c* B o o * ('c uO Z •••••••&UO****NN
X ra B w O * Cl Olv*op.uO*OCS toNtï>0\rKKO|
oeommo
*  «ô  *  CA «0 *
0o*Nwm??
oce«oB*o Q^oo^CN o^**emM p. #a c n % h- *vcr>*oo*̂  *ONmn#O0*NOK)NP̂  *Q*VP»VCfl CïOOVCï*• • • • • • •  • « • • • * •  • • • • • •
0 * * M N N M  O o * w * m N  o * * w w v
ewtnrwmcÂ
o o n e m r
w * # w m vQWWWMN








oo o o o o o
<̂  ̂̂ tr og o o o o g  • oooo •
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EcuRrrtsssUSISC3 BICYCLE EOSORErER O V02(P02 L/n K% USRKLCRO R2M EQ EOTORL EO PREO EQ RVGFEP52.ES K3B aOBWtO. tS9Q8KftnatncfiTMSaoarganiuâ tgocittatBiaaaaaBnegBrrffgaemcBgaftBOcagacaiecatsagKaa*1 1.66 167 750 2.03 1.93 2.08 1.892.22 16? 10503 1.60 140 600 2.87 2.10 2.67 2.43
2.11 165 9004 2.09 135 750 4.17 2.70 3.56 3.332.78 160 12005 1.71 160 750 2.24 2.10 2.29 2.CS2.42 130 10508 1.41 167 6C0 1.79 1.82 1.79 1.612.60 196 10509 1.66 169 750 2.12 2.20 2.14 1.852.53 201 120010 2.36 1<3 1050 4.01 3.01 3.60 3.333.01 171 135015 1.70 158 750 2.29 2.09 2.24 2.112.46 181 105019 1.37 152 600 2-09 2.01 2.12 1.821.91 183 105021 1.60 142 750 2.82 2.17 2.46 2.582.21 176 105023 2.32 162 1050 2.86 2.25 2.81 2.773.29 183 150025 1.33 141 600 2.40 1.73 2.13 2.CO2.13 170 105026 1.62 152 600 2.49 2.52 2.50 2.Î42.66 196 105028 2.13 155 900 3.05 2.60 2.83 2.732.65 180 120030 1.56 160 750 2.15 2.03 2.10 1.912.26 193 1050pca.ES c:a;g3gcwacgiogjg«g38«gMuagau<tt;««ia«jBMJMBg».jie>eMww>t»ateMccwco«aRsgS3cgawwi3wagw«K9ig2 2.49 160 900 3.33 3.36 3.44 3.074.77 193 15006 2.48 139 1050 4.CO 3.24 4.05 3.944.15 164 13507 1.79 166 750 2.07 2.31 2.23 2.832.44 192 1050
11 2.10 165 750 2.60 2.42 2.71 2.463.01 ICO 120012 2.94 163 1200 3.58 3.50 3.77 3.513.79 181 135013 1.S3 153 750 2.64 2.42 2.86 2.443.69 177 120014 3.03 156 1200 4.03 3.75 4.23 3.973.97 175 165016 2.02 169 900 5.53 3.50 3.66 3.132.87 150 105017 2.66 151 1200 3.77 3.41 3.84 3.633.30 177 150018 2.37 143 1050 3.99 3.38 3.83 3.565.87 181 150020 2.64 175 1050 2.80 3.23 2.97 2.315.42 200 135022 2.93 152 1200 3.90 3.69 4.07 3.963.96 176 150024 2.43 179 1050 2.85 2.83 2.79 2.493.37 200 135027 3.03 155 Î2C0 4.46 3.56 4.36 3.953.60 172 150029 2.63 150 1200 3.54 3.39 3.85 3.633.96 173 1500
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EouancxsÜSÎKS BICYCLE ERSORETER a SaS3C.CK3W02 L/n UORXLORO RRX/ia. EQ RCTURL EQ 7KED EQ BVGFEKRLES BoaKWBniratinwtrtoIKMRMKraCCXRRnKtea: tasscHs HR R tsac GCRKse» KRSUSH Ksnnoa BjRcnca ccsssnsi H1 1.66 167 750 2.19 2.10 2.20 2 . 02.22 187 10503 1.60 143 600 2.59 1.90 2.41 2.192.11 165 9004 2.09 135 750 5-50 2.27 2.99 2.842.7S 160 12005 1.71 160 750 2.27 2.12 2.32 2.102.42 ISO 10508 1.41 167 600 1.83 1.86 1.84 1.652.60 196 10509 1.66 169 750 2.25 2.35 2.2? 1.972.53 201 120010 2.36 145 1050 4.01 3.C0 3.59 3.333.01 171 135015 1.70 153 750 2.36 2.15 2.31 2.172.46 131 lOSO19 1.37 152 600 2.19 2.10 2.22 1.901.91 183 105021 1.60 142 750 3.08 2.36 2.69 2.592.21 176 105023 2.32 162 1050 2.95 2.93 2.89 2.353.29 183 150025 1.33 141 600 2.61 1.94 2.36 2.172.13 170 105026 1.62 152 600 2.25 2.23 2.26 1.932.66 196 105028 2.13 155 900 2.97 2.54 2.76 2.662.65 180 120050 1.56 160 750 2.41 2.34 2.35 2.142.26 193 1050nSLES Ksa»MRMK«3BcsEM»HMBHBiKH»«e»«KMBæHtnaMaeQ«BssstaK£aKvaKesKH»esx5Pe3iKvapssreossaKmH2 2.49 160 900 2.84 2.82 2.89 2.534.77 193 15006 2.43 139 1050 3.89 3.15 3.94 3.834. 15 164 1350 0.00
7 1.79 166 750 2.05 2.29 2.21 2.062.44 192 1050 0.0011 2.10 165 750 2.19 2.04 2.26 2.073.01 ISO 1200 0.0012 2.94 163 1200 3.27 3.19 3.45 3.213.79 181 135013 1.83 153 750 2.57 2.35 2.73 2.333.69 177 1200 o.co14 3.03 156 1200 3.53 3.29 3.75 3.433.97 175 1650 O.C£)16 2.32 169 900 2.54 2.56 2.63 2.332.37 190 1050 0.001? 2.66 151 1200 3.82 5.45 3.83 3.633.30 177 1500 0.0018 2.37 143 1050 4.04 3.42 3.83 3.615.87 131 1500 0.0020 2.64 175 1050 2.55 2.99 2.71 2.563.42 200 1350 O.CO22 2.93 152 1200 3.63 3.43 3.84 3.735.96 176 1500 O.CO24 2.43 179 1050 2.79 2.73 2.74 2.-S3.37 200 1350 O.CO27 3.03 155 1200 3.99 3.13 3.90 3.533.60 172 1500 O.CO29 2.63 150 1200 3.61 3.46 3.93 3.713.96 173 1500
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eeuxTzoKSUSIKS TRERSmiLL & V02
FEPtRLES WQ2 L/R KR RRN EC RCUS5S. EO PRED EE ROSMR RRKMH MKGSSC9g MMMftcn Boonsa MBenasM xsoeam MM M KM HaeaucSB lŒMMa Kanasa C3R1 1.692.26 167186 2.37 2.24 2.37 2.153 1.762.39 157183 2.47 2.23 2.41 2.204 2.352.80 151176 3.66 2.93 3.37 3.145 1.852.43 164190 2.32 2.33 2.33 2.178 1.642.41 166205 2.09 2.27 2.09 1.889 1.832.35 170201 2.31 2.43 2.33 2.0210 2.583.14 156175 3.76 3.03 3.51 3.2715 1.762.43 143190 2.71 2.57 2.57 2.4319 1.461.96 166190 1.87 1.84 1.90 1.6821 1.802.43 151184 2.77 2.36 2.53 2.4123 2.363.29 170193 2.66 2.80 2.6? 2.6225 2.052.90 153ISO 3.11 2.62 2.94 2.6926 1.932.88 157205 2.73 3.03 2.80 2.4228 2.032.83 153187 2.93 2.65 2.74 2.6630 2.032.53 176200 2.33 2.45 2.34 2.13P3CLES gSaMMaWMWBraMBMMMMMBCMMMggBMnMWMMRKaBWtSMttRBaawWMMWMMKMMUJWMW2 2.654.13 164193 3.46 3.44 3.52 3.146 3.234.24 151179 4.51 4.19 4.60 4.407 2.553.22 175200 2.71 3.19 2.83 2.7111 2.363.30 160137 3.07 3.06 3.21 2.9112 3.134.06 161190 3.88 4.10 4.10 3.3213 2.703.74 165186 3.44 3.35 3.62 3.1614 3.084.43 152175 4.09 3.83 4.37 4.0416 2.443.43 169193 3.00 3.25 3.16 2.751? 2.753.70 156133 3.69 3.65 3.76 3.5518 3.124.18 165196 4.14 3.99 4.04 3.6520 2.634.15 1732(3 2.85 3.47 3.02 2.8522 3.114.33 158184 3.83 3.93 4.0S 3.9224 2.293.13 164200 3.07 3.03 2.98 2.7127 2.753.58 154181 4.08 3.51 3.99 3.6229 2.603.64 149177 3.54 3.53 3.86 3.64












































N f M N N N N i n N N N N N N K l N
(VKhoinOOinotMAlflooNNoN N O ^ K l M D i n N o C M n f o fCO(hNoOOOOvDo(ha-ia-io(MO»i©4 ̂  W  W  #4 #4 M
vDoinKioiniPa-tT^NCjaHvooinU l T m T i n M W M T W m V N*4 M  v4 ̂  M  v4
o o i n o i n i n i n o i p i n i p o i n i n i n\D\DNvDTfO»I)TNr-‘I)fr-f
^(Mn\OK)Kimin'^oMn<»vûotn*4M<(\Jf0a-lK)(Ma-l(MNN*4N»4M4Wv4v4v4»4v4v4^W©4i4v4*4T4
i n i n o i n o o o i n o o o i D o o off\Dt'K)K)CT'TK)\0\DVK)\D(0





^  ̂  H  H  «4
oChMONOiNOiCOtOCONNoininninfTftnKiiMTTftnfKi#4 M W «4 «4 '
i n i D o i n o o i n o o i n i n i n i n i n oNO>J)T0'-\0N'i)(noNor'-o(J'
O'voinovNinooTooO'iinMo«4a4tONlÔ!0(M»4«4fVlfS|(MrHa4(\J
i n i n i n o i n i n o i n i n i n o o o i n i nt‘NflOr'-TvDfNNNDOi\DNN
fOiNNOinoinCDtMNNNNfONNK)NK>NK)(MNNKHOfslNIO
(M\DN*Hfvjnf\ONCOo(\JfNOi NNNN(NJ
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
112
BIBLIOGRAPHY
Adams, W. C. Influence of age, sex and body weight on the 
energy expenditure of bicycle riding. Appl. 
Phvsiol.1967. 22:3, 539-545.
Andersen, K. L. and L. Hermansen. Aerobic work capacity in 
middle-aged Norwegian men. Appl. Physiol. 
1965, 20:3, 432-436.
Asmussen, E. and I. Hemmingsen. Determination of maximum 
working capacity at different ages in work with 
legs or work with arms. Scandinav. J. Clin. & 
Lab. Investigation. 1958, 10:1, 67-71.
Astrand, I. Aerobic work capacity in men and women with 
special reference to age. Acta Phvsiol. Scand. 
49 (Suppl. 169), 1960.
Astrand, I., P.O. Astrand, I. Hallback, & A. Kilbom.
Reduction in maximal oxygen uptake with age. 
Ap p I .  Phvsiol. 1 9 7 3 ,  3 5 : 5 ,  6 4 9 - 6 5 4 .
Astrand, I., P.O. Astrand & K. Rodahl. Maximal heart rate 
during work in older men. ii. Appl. Phvsiol. 
1959, 14:4, 562-566.
Astrand, P. O. Experimental studies of physical working 
capacity in relation to sex and age. Copenha­
gen, Sweden: Munkegaard, 1952.
Astrand, P. O. Human physical fitness with special 
reference to sex and age. Physiological Reviews. 
1956, 36:3, 307-335.
Astrand, P. 0. Measurement of maximal aerobic capacity.
Canad. Med. Assoc. ^  1 9 6 7 ,  Vol. 9 6 ,  7 3 2 - 7 3 5 .
Astrand, P. O. Quantification of exercise capability and 
evaluation of physical capacity in man. Pro­
gress in Cardiovas. Diseases. 1976, 19:1, 51- 
67.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 1 3
Astrand, P. O. and K. Rodahl. Textbook of Work Physiology. 
New York: McGraw Hill Inc., 1986.
Astrand, P. O. and I. Ryhming. A nomogram for calculation 
of aerobic capacity (physical fitness) from 
pulse rate during submaximal work. J j .  A p p I . 
Phvsiol. 1954, 7:2, 218-221.
Astrand, P. 0. and B. Saltin. Maximal oxygen uptake and 
heart rate in various types of muscular activi­
ty. Ap p I .  Phvsiol. 1 9 6 1 ,  1 6 : 6 ,  9 7 7 - 9 8 1 .
Auchincloss, J. H. Jr. and R. Gilbert. Estimation of maximum 
oxygen uptake with a brief progressive stress 
test. Ap p I .  Phvsiol. 1 9 7 3 ,  3 4 : 4 ,  5 2 5 - 5 2 6 .
Badenhop, D. T., P. Cleary, S. Schaal, E. Fox, & R Bartels.
Physiological adjustments to higher- or lower- 
intensity exercise in elders. Med. Sci. Sports 
Exerc. 1983, 15:6, 496-502.
Balke, B. and R. W. Ware. An experimental study of physical 
fitness of air force personnel. S_̂  ^  F.
Med. 1959, 10, 675-688.
Barach, J. H. The Energy Index. J^ Am. Med. Assoc. 1914, 
62:7, 525.
Barringer, T. B. Studies in the heart's functional capacity 
as estimated by the circulatory reaction to 
graduated work. Arch. Int. Med. 1916, 17, 670.
Bergh, U . , I. L. Kanstrup & B. Ekblom. Maximal oxygen 
uptake during exercise with various combinations 
of arm and leg work. Ap p I . Phvsiol. 1 9 7  6 ,
41:2, 191-196.
Binkhorst, R. A., and P. van Leeuwen. A rapid method for 
the determination of aerobic capacity. Int. Z. 
angew. Phvsiol. einschl. Arbeitsphvsiol. 1963,
vol. 19, 459-467.
Borg, G., and H. Dahlstrom. The reliability and validity of 
a physical work test. Acta Phvsiol. Scand. 
1962, vol. 55, 353-361.
Bowen, W. P. Changes in heart rate, blood pressure and 
duration of systole resulting from bicycling. 
Am. Phvs. Ed. Rev. 1903, 8.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 1 4
Brooke, J. D., E. J. Hanley & H. Thomason. Relationship of 
heart rate to physical work. Physiological 
Society. 1968, 61P-63P.
Brooke, J. D. and J. Hamley. The heart rate-physical work 
curve analysis for the prediction of exhausting 
work ability. Med. Sci. Sports. 1972, 4:1, 23- 
26.
Brouha, L. The step test: A simple method of measuring 
physical fitness for muscular work in young men. 
Research Quarterly. 1943, 14:1, 31.
Bruce, R. Methods of exercise testing. Am. J. Card. 1974, 
vol. 33, 715-720.
Burke, E. Validity of selected laboratory and field tests 
of physical working capacity. The Research 
Quarterly. 1976, 47:1, 95-104.
Cardus, D. Exercise testing: methods and uses. Exerc. 
Sport. Sci. Rev. 1978, vol. 6, 59-103.
Coleman, A. E. Validation of a submaximal test of maximal
oxygen intake. Sports. Med. 1976, vol. 16,
106-111.
Combs, M. A. and Golding, L. A. New guide set for
determining ergometer workloads. Phvs. Ed.
Prog. 1984, H14-H16.
Cooper, K. H. The New Aerobics. New York, NY: M. Evans and
Co., Inc., 1972.
Cooper, K. H. A means of assessing max oxygen intake. J. 
Am. Med. Assoc. 1968, vol. 203, 201-204.
Crampton, C. W. A test of condition. Med. News. 1905, 87,
529.
Cureton, T. K. Physical fitness appraisal and guidance. St. 
Louis: Mosby, 1947.
Davies, C. T. M. Limitations to the prediction of maximum 
oxygen intake from cardiac frequency measure­
ments. ÇLî. Ap p I. Phvsiol. 1968, 24:5, 700-706.
Dehn, M. M. and R. A. Bruce. Longitudinal variations in 
maximal oxygen intake with age and activity.
Ap p I. Phvsiol. 1972, 33:6, 805-807.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 1 5
DeVries, H. A. and C. E. Klafs. Prediction of maximal 
oxygen intake from submaximal test. ^  Sports 
Med. 1965, vol. 16, 207-214.
Diaz, F. J., R. D. Hagan, J. E. Wright, & S. M. Horvath.
Maximal and submaximal exercise in different 
positions. Med. Sci. Sports. 1978, 10:3, 214-
217.
Dill, D. B. Assessment of work performance. Sports Med.
Phvs. Fitness. 1966, vol. 6, 3-8.
Dill, D. B. The nature of fatigue. Personnel. 1933, vol. 
9, 113.
Dill, D. B. Oxygen used in horizontal and grade walking and 
running on the treadmill. A p p I . Phvsiol.
1965, 20:1, 19-22.
Doroschuk, E. A short test of submaximal working capacity.
16th Biennial Convention report. 1965, p. 10.
Drake, V., G. Jones, J. R. Brown, & R. J. Shepard. Fitness 
performance tests and their relationship to the 
maximal oxygen uptake of adults. Canad. Med. 
Ass. 3^ 1968, vol.99, 844-848.
Durnin, J. V. G. A., J. M. Brockway, & H. W. Whitcher.
Effects of a short period of training of varying 
severity on some measurements of physical fit­
ness. A p p I .  Phvsiol. 1960, 15:1, 161-165.
Ekblom, B., P. O. Astrand, B. Saltin, J. Stenberg, & B.
Walstrom. Effect of training on circulatory 
response to exercise. Jj. Ap p I. Phvsiol. 1968,
24:4, 518-528.
Ellestad, M. H. Stress Testing Principles and Practice. 
Philadelphia, PA: FA Davis, 1980.
Fairbanks, B. L. Maximal oxygen uptake on a dual drive 
bicycle versus a treadmill. The Research Quar­
terly. 1976, 47:4, 624-629.
Fardy, P. S. and H. K. Hellerstein. A comparison of 
continuous and intermittent progressive multi­
stage exercise testing. M e d . S c i . Sports. 
1978, 10:1, 7-12.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 1 6
Faulkner, J. A., D. E. Roberts, R. L. Elk, & J. Conway.
Cardiovascular responses to submaximum and maxi­
mum effort cycling and running. Ĵ . Ap p I . Phv­
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